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MARKET ASSESSMENT OF PHOTOVOLTAIC POWER SYSTEMS FOR 


AGRICOLTORAL APPLICATItMtS IN NIGERIA 


Ex«cutiv Sunrory 


Objectives 

n\e Photovoltaic Stand-Alone Applications Project Office of NASA/Lewis 
Research Center, Cleveland, Ohio, is conducting an assesssient of the sMrket 
for remote photovoltaic (PV) pcfvrer systems in «rorldwide agriculture for the 
U.S. Department of Energy. The study is to identify PV applications and 
countries with a high sales potential so that Industry may develop appropriate 
market strategies. The applications considered are those requiring less than 
15KW of power and operating in a stand-alone configuration without back-up 
power. In such applications, cost-competitiveness is based on a comparison 
with conventional gasoline and diesel power sources. This specific study 
assessed the market for PV in the Nigerian agricultural sector and in rural 
services. 

The objective of the study was to determine for a ntimber of applications 
the first year of cost-competitiveness, to estimate the market potential there- 
after, and to discuss the environment in which PV systems would be marketed 
and employed. Emphasis is placed on stand-alone applications that are com- 
petitive prior to 1986. 

The following market elements specific to Nigeria are addressed in the 
repjort ; 


• Level of interest, awareness and experience with PV power systems. 

• Estimates of potential meurket size for PV power applications in the 
agriculture sector. 

• Operating and cost characteristics of gasoline and diesel power 
systems that will compete with PV. 

• National energy, agriculture and development goals, programs and 
policies which will influence PV sales. 

• Appropriate financing mechanisms and capital available for PV system 
purchases . 

• Investment climate for U.S. conqpanies and appropriate methods for 
conducting business in the country. 


Study Approach 

The market sttidy for PV in worldwide agriculture was conducted by DHR, 
Incorporated, with Associates in Rural Development, Inc., as subcontractor. 

This report on Nigeria is the fourth in the case study series on PV applications 
in agriculture. The scope of these studies include livestock, forestry, 
fisheries, crop production, and rural services. 


Reprtts«ntativ«* from DHR, Incorporatad , Assoclatea In Rural Davaloi^nent , Xnc., 
and NASAA>«w 18 Raaearch Cantar conductad a month-long atudy in Nlgaria 
during Fabruary 1981. Tha major activitiaa of tha taam wara a aarlaa of 
maatlngs with Nlgarian anargy, agricultural aconomic, financial, buainaas 
and policy axparta to obtain currant davalopaiant and policy data and an 
avaluation of factors ing>ortant to introducing PV power systams into the 
agriculture sector. Over 50 people t«ere interviewed and appropriate sources 
of printed information were utilized. Site visits were made to obtain power 
raquiramants and energy use profile data for several agricultural applications. 

In addition to data collection, the team members gave presentations on PV 
systons, and distributed sets of brochures consisting of advertising material 
obtained from U.S. PV companies and from U.S. government sources. 

The information gathered served as a data base to characterize the 
environment in which PV systems would be marketed and used. Data on appli- 
cations was used to identify cost-competitive end-uses. The potential mar- 
ket size estimate was based on development plans, availability of finance, 
business environment, cost comparisons and other factors. The market potential 
for the following five years was estimated. 

Nigeria Overview and Development Plans 

Nigeria has a population greater than 80 million which makes it the most 
populous country in Africa, as well as the most econcmtically and politically 
important Black African nation. Nigeria's financial resources are derived 
mainly from petroleum exports with oil revenues exceeding $16 billion last 
year. Agriculture is the second largest element of the Nigerian economy 
(18% of GDP). Given the Nigerian petroleum revenues, the U.S. balance of 
trade-deficit ($9.6 billion in 1980) and the desire by both the private and 
public sector in Nigeria for more U.S. technology and trade, the atmosphere 
for development and investment opportunities clearly exists. 

The major thrust of the Nigerian government's 5-year develojxnent plan 
(1981-85) is the agricultural/rural sector. Formerly a net food producer, 
now a net importer, Nigeria has embarked on a "Green Revolution Plan" to 
dramatically increase agricultural productivity, to provide eunenities to im- 
prove the quality of life in rural areas, and in general to support small 
land holders through numerous programs focused on integrated rural development. 
Present plans of the Federal Government commit $14 billion to the agricultural 
sector between 1981 and 198^. Additional funding is availedsle froi'n Nigerian 
coirmercial and merchants banks, which must annually commit 8 and 5 j.'ercent, 
respectively, of their loan portfolios to agricultural investments at preferred 
interest rates. Limited World Bank funds are also available. Tttble 1 
summarizes the anticipated funding levels to the agricultural sector. 

In general, emphasis will be placed upon further development of Nigerian 
infrastructure, through provision of water supply systems, rural electrification, 
roads, etc. Nigeria has formulated ambitious development plans which are 
highly dependent upon expected oil revenues. The present reduction in world 
oil demand may daunpen develoixnent expectations due to reduced oil revenues. 
Development efforts, and hence business opportunities are directly related to 
oil revenues. 
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Table 1 


Agriculture Devolopnient Funding Levels 
1981-1985 

Program ($ Million) 

Crop Production* 5 >400 

Food crop 117 

Tree crop 446 

Agriculture inputs 1,749 

Agriculture crops 117 

Rural development 1,044 

Agricultural Mechanization* 

Tractor purchases 142 

Agro-service centers 189 

Implement developnent 45 

Crop Storage* 180 

Institutional Agriculture Development 1,348 

Water Resources Program* 1,663 

Boreholes* 187 

Livestock Development 432 

Fishery Production 156 

*Indicates that additional state funds will be mada available. 

SOURCE: Outline of the Fourth National Development Plan, Federal Ministry 

of Plemning, Lagos, Nigeria, 1980. 
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Although Nig«ria Is a major oil producer# energy in the rural areas 
is often scarce and 2 to 3 times more expensive than the government posted 
prices of $1. 15/gallon for gasoline and $0. 90/gallon for diesel. Plans are 
underway to increase oil supply into rural areas# but it is expected that 
shortages and high prices will continue for many years. Electricity is 
available in major urban centers from the National Electric Pc;«er Authority# 
although sei.vice is often unreliable. 

Rural electrification is occurring slowly with only 60% of the country 
expected to be grid-connected by the year 2000. Rural areas are served by 
diesel and gasoline generators# which have severe maintenance and reliability 
problems in addition to frequent unavailability of fuel and spare parts. 

Potential PV Agricultural Applications 

In Nigeria, a number of agricultural /rural development applications that 
could use PV power systems were identified. The factors used in the search 
were : 

• Relevance to Green Revolution Plan and other national development 
plans. 

e Level of production and importaince of the product or service supplied. 

e Type of oioeration and its adaptability to a PV power sources. 

e Extent of use and mechanization of the operation. 

e Size of conventional power unit required for a typical operation. 

The feasibility analysis of individual applications included life-cycle 
cost comparisons. PV systems costs were based on the PV cost projections of 
the Jet Propulsion Laboratory's "1980 Photovoltaic Systems Development Program 
Summary Documents," which were the most complete and up-to-date projections 
of stand-alone PV costs availad>le. Actual conventional (gas or diesel) system 
data for Nigeria in 1981 were the basis for conventional system costs in the 
life-cycle comparisons. The parameters used in the economic analysis of PV 
and conventional power systems in Nigeria are listed below in Table 2. 

The applications identified cover a wide range of power requirements (100 
w to 10 kw) with diverse load profiles and varying operating environments. 

The applications cover micro-irrigation and village water supply, crop milling, 
grinding and storage, veterinary and health centers# agriculture extension 
ser'#ices, and small ice plants. It is very likely that most other agricultural 
related applications will fall within the operating and cost characteristics of the 
selected applications. 

Table 3 indicates the estimated power rating and the probable demand 
for several applications judged to have high potential for utilization of 
PV power systems. 


Table 2 


Coat Analyaie Aaiuniptiona 


Discount Rate 

Life of Diesel/gasoline 
sets 

Fuel cost (diesel /gasoline) 
Fuel Escalation rate 
PV system lifetime 
Labor cost 
PV 

Conventional 


1. Diesel Engine IKW 

Cost ($1980) 2,200 

Fuel Consump- 0.26 

tion gal/hr. 
at full load 

2. PV System Costs • 198C 

$/Wp (in $1980) 20.85 


Current Business 
12 % 

5,000 hrs. 

$0.90, 1.15/gal. 

3% 

20 yrs. 

$2. 00/hr. 

$4. 00/hr. 


2KW 

3KW 

4KW 

5KW 

8KW 

' ■ 

■ 



" 

3,600 

4,840 

5,670 

6,840 

8,500 

0.33 

0.37 

0.43 

0.52 

0.64 

1982 

1984 

1986 

1988 

1990 

11.73* 

9.14 

6.55 

5.28 

4.40 


inclusive of 
batteries 

3. Average daily insolation « 390 langleys. 

4. OfcN for PV systems ■ 0.02 hour s/KWp /Operating day 

5. O&M for diesel systems *0.15 hours/hour of operation. 


♦Source; JPL, 1980 Photovoltaic Progreun Summary Document 
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lights, conmmication equipment 


other PV Markets 


Although the present NASA/DOE itarket study in Nigeria concentrated on 
potential market applications in the agriculture and rural development sectors, 
it was apparent that an effective desmnd for PV systoas already exists in other 
application areas or is likely to develop in the mediun term. 

Exan^les of these applications include: 

e Electricity for r^-motely located local govenunent centers and 
other public buildings; 

e Comnunications systems power supplies in both public and private 
sectors; 

e Rural TV receivers, battery chargers, and packaged dcxnestic power 
systems ; 

e Cathodic protection systems. 

Despite the limited experience with PV -sterns in Nigeria, a substantial 
nutrket potential exists becaxise of the promise of greater reliablity emd 
convenience of PV in con^eirison with systems now in use. In order to be 
accepted, PV systems must demonstrate this advantage effectively. Because 
of the lack of trained engineers, system assemblers and technicians, it will 
be necessary for PV ccm^anies to provide complete systems (as opposed to 
providing just the modules amd conditioning equipment, for exaople) as well 
as service guarantees. 

Potential for PV Use 


The potential for utilization of PV systems in the Nigeriam agriculture 
sector is high based upon the results of a cost analysis performed on the 
agricultural applications. The market size estimates are based upon this cost- 
analysis which predicts the year in which PV systems aure expected to be 
competitive with conventional power systems. The cost ccnnparison shows that 
in the majority of agriculture applications amalyzed, PV systems become 
competitive (on a life cycle cost -basis) in the 1982-1983 timeframe. The 
two major factors influencing PV conqpetitiveness aure the poor lifetime for 
diesels (2-4 years in Nigeria) and the lowered cost of PV cells in future years. 

The market estimates for PV were calculated using two scenarios: a "current 
business" base case amd an "increased promotional activity" case. These two 
cases were used to allow variations in how the institutional factors will effect 
development of the PV market. The base case assumes a continuation of current 
business practices with no increased PV market development activity. The in- 
creased activity case assumes aggressive marketing by PV companies, 2 m early 
successful PV demonstration, a healthy Nigerian economy, and a general increase 
in PV related activity. 

Market estimates were derived for the two cases by factoring in institutional 
and non-cost factors. Tedale 4 is an estimate of the future PV market, based 
on life-cycle cost c<M?)arisons and other factors. 
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Estimates of PV Market in Higerian Agriculture Sector (KWp) 
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Current Level of Awareness and Entrepreneurial Interest in PV Systems 


The level of knowledge about PV systems is in general very low throughout 
Nigeria. The most knowledgeable individuals interviewed were iiniversity and 
agricultural ministry personnel. The Ministry of Science and Technology appears 
to have the highest degree of understanding of PV systems within Nigeria. 

Limited awareness of PV systems is part of an overall low level of awareness 
about energy systems in general. Thus, a major problem in developing a PV 
market in Nigeria will be the development of an understanding of the potential 
of PV aind PV system applications. 

Almost all groups interviewed indicated that a key to development of the 
PV market in Nigeria will be installation of operational-size demonstrations 
with high visibility. If these demonstrations are successful, the purchase 
of PV systems would probably follow. Capital cost, although a factor, did 
not appear to be the major determinant if the demonstrations proved successful. 
Reliability and low maintenance factors were perhaps the most critical issues. 
Some form of cost-sharing will most likely be the quickest route to demonstration 
of PV capabilities. 

Little current entrepreneurial interest in photovoltaics in Nigeria was 
found. However, in the Instances where businessmen came to understand PV 
systems and their potential, a large degree of interest was generated. This 
level of interest in PV will be directly related to the technical feasibility 
of PV systems operating in Nigeria and the potential for profit.’ In general, 
Nigerian businessmen are interested in entering into partnerships with American 
businessmen. 

To date, PV activities have been limited to preliminary operations by two 
U.S. PV firms with Nigerian partners and a French PV manufacturer. Given that 
no major PV system sales have occurred, the low level of entrepreneurial 
interest is understandable. However, based on numerous dicussions, it is 
believed that once the general level of understanding is raised, greater 
entreprenurial interest will arise. 

Capital Availability Issues 

Interviews with representatives of a number of private and government 
financial institutions were held to assess the attitudes of the financial 
community toward photovoltaic systems. There was a general willingness 
of high officials to consider photovoltaic systems for loans. At the loan 
analyst level, however, there was a sense of skepticism as to how photovoltaics 
would pass the loan criteria analysis. There is almost no use of life cycle 
cost analysis techniques so that the following factors are impediments; 

• High initial capital cost of PV systems; 

• Lack of information and operating experience for photovoltaics systems; 
and 

• Lack of credibility that photovoltaics will have a sal.*s and service 
infrastructure in Nigeria. 
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Capital for aarly PV system purchase is expected to be available from three 
sources; 1; the federal government; 2) the state govemront; and 3) private 
sources. Of these three, federal funds will be available first, followed closely 
by private funds (currently available if packaged systems were available) and 
lastly state funds. Private sources of capital are the sK>st difficult to 
estimate. However, they are assumed to be large, judging by the high demand 
for luxury consumer itrats in Nigeria. Capital available to states is in part 
a function of the national development plan. Total capital expenditure 
budgets for the 19 states over the next five years is approximately $50.4 billion. 
Approximately $10 billion of this will go for water and rural development projects. 
Federal funding would be available for PV systems if PV systems are demonstrated, 
have high reliability, and meet some measure of cost~cM;^>etitiveness. 

Summary of Barriers and Incentives to PV Sales 

Nigeria presents a mixture of incentives and disincentives to PV use. 

Whereas the federal government has no explicit policies on alternative energy, 
there are a variety of government policies, business and financial practices, 
which affect PV system utilisation. The factors which act as incentives to 
the use of PV systems in agriculture include: 

1) The availability of capital in the form of low-cost credit for 
agriculture, e.g., $14 billion during 1981-1985 for the Green Revolution 
Plan. Investment capital for agricultural sector projects will 

be primarily available from the Nigerian Agriculture and Cooperative 
Bank and the private merchants bank. Initial PV project funding will 
most likely be by the federal government. 

2) Commitment of federal government to assisting small-scale agriculture 
and rural development, through supply of input factors including 
energy and the provision of basic amenities in the rural sector (i.e., 
potable water, agriculture produce grinding and storage) . 

3) The limited ruial utility grid and the probability for slowed rural 
electrification program. High costs of rural electrification ($35,000/)tm) 
combined with demand out-stripping supply in urban areas are primary 
reasons for Nigerian officials' lowered expectations for rural 
electrification. 

4) The low maintenance aspect of PV systems in a nation plagued by 
maintenance problems for conventional energy systems. Officials 

of all levels of government reported severe problems with maintenance 
and spare parts for engine generator sets. 


Disincentives are: 

1) The relatively cheap and stable price of oil in urban areas, although 
price and availability varies significantly in remote rural areas; 

2) The existence of a general unfamiliarity with PV technology and successful 
PV demonstrations; 

3) Conservatism towards "unproven" technologies which PV is perceived 
to be; 
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4) The possibility of foreign conpetition, psrticulsrly frosk the French, 
Germsns end Jspsnese, with the French currently active in the area 
and the others monitoring the situation. (This is a plus if 
cotqpetition raises awareness and fosters more demonstrations) t 

5) The lack of distribution, parts and service networks for PV> un- 
availability of .killed labor is an especially criticel factor. 

Business Environment 


There are difficulties that will be encountered by U.S. firms doing 
business in Nigeria that are not particular to PV. It is necessary to find 
reliable, well connected Nigerian partners and to establish good working 
relationships with federal and state government officials since their agencies 
do most of the purchasing. Representatives of U.S. firms should have the 
authority and ability to quote prices and enter into contracts without undue delay. 
Repi'esentatives must be prepared to follow-up initial contacts prior to sales 
and be prepared to provide service and technical follow-through for installation 
and maintenance. The U.S. Embassy staff in Nigeria and the U.S. Consulate in 
Kaduna are very supportive of well organised efforts by U.S. firms to penetrate 
the Nigerian market. 

Conclusions 


If present U.S. PV development practices continue, the future market 
for PV power systems in the Nigerian agricultural sector will be large. The 
most iitg)ortant local factors are the availability of investment capital and 
the premium placed on high reliability, low maintenance systems . The market 
will be primarily small government funded power and communications projects 
with sotne sales going to affluent individuals and corporations. The market 
for larger systems would develop in the 1982-83 period and beyond, or as soon 
as integrated PV systmns become competitive and are available. 
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MARKEl- ASSESSMENT OF PHOTOVOLTAIC POWER SYSTEMS 


FOR AGRICULTURAL APPLICATIONS IN NIGERIA 


1.0 INTRODUCTION 

1.1 Background 

The United States National Photovoltaic (PV) Program has been established 
by the U.S. Department of Energy (U.S. DOE) to evolve PV power systems to the 
economic marketing stage where they can contribute significemtly to the U.S. 
energy requirements by the end of this decade. Ongoing research > develo^mtent 
and demonstrations are directed at achieving major system cost reductions and 
field experience with PV power systems. The progrcun is managed by the U.S. EXDE 
and consists of several project offices, one of which is the Photovoltaic 
Stand-Alone Applications Project Office at NASA Lewis Research Center, Cleve- 
land, Ohio. This project office is conducting international market assessments 
to asceirtain whether stand-alone PV power systems can provide useful and 
economically productive power for various applications in developing countries 
during the next several years. This report on Nigeria is the fo\irth in a 
series on PV applications in agriculture (Philippines, Mexico, and Morocco). 

1.2 Objectives 

The types of potential photovoltaic applications considered in this study 
are those requiring less than 15KW of power and operating in a stand-alone 
configuration without back-up power. These applications include; irrigation, 
rural water supply, post-harvest operations, food and fiber processing and 
storage, and livestock operations. A team composed of representatives from 
NASA-Lewis Research Center, DHR, Incorporated, and Associates in Rural Development, 
Inc. visited Nigeria during January and February 1981. The purpose of this 
report is to provide an assessment of the meurket for stand-alone photovoltaic 
systems in Nigerian agriculture. 

During the course of the team's visit it also becaune apparent that some 
rural sector non-agricultural applications may represent a significemt PV market 
in Nigeria. Some of these are potable water supplies, health and education 
centers, and communications stations. This report considers these applications, 
although in considerably less detail than those in agriculture. 

This study proposes to identify applications with high PV sales potential 
so that photovoltaic suppliers emd distributors may develop appropriate marketing 
strategies. The market analysis provides the following essential information 
for Nigeria; 
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• Level of interest, awareness and experience with PV power systeais, 

e Estimates of potential seorket size for PV power applications in 
the agriculture sector, 

• Operating and cost characteristics of gasoline and diesel power 
systems that coaqpete with PV, 

e Energy, agriculture and national develc^snent goals, programs and policies 
which will influence PV sales, 

r Appropriate financing mechanisms and capital available for PV system 
purchases , 

e Investment climate for U.S. cosg>anies and appropriate methods for 
conducting business in the country. 

In addition to the data collection activities, the team members gave 

presentations on current applications of PV energy systems to a wide variety 

of audiences, including a major international trade fair. They also distributed 

sets of brochures consisting of technical and prcsnotional material obtained 

from PV companies and from U.S. Government sources. 

1.3 Study Approach 

The approach consists of a focused data collection effort in the country 
followed by a detailed analysis and a market assessment based on this data. 

This process is described in greater detail below. 

1.3.1 Nigeri^m Information and Data Base 

The major activity of the team members was a series of meetings with a 
variety of Migeriem experts to obtain current data and their evaluations of 
factors in^rtemt to introducing PV power systems in agriculture. Site 
visits were also made to obtain power requirements and energy usage profile 
data for several agricultural applications. Agencies and individuals 
contacted include businessmen, officials and scientists at the following: 

• Ministries of Agriculture — Federal and State Governments 

• Ministries of Rural Development — Federal and state Governments 

• Ministry of Health 

• River Basin Developmient Authorities 

• Nigerian Electric Power Authority 

• University Research Centers and Independent Research Institutes 

• Weather Bureau 

• Banks — Central, Development, Merchants and Commercial 

• U.S. and International Aid Organizations 

• Energy Systems Distributors 

• Agricultural Machinery Dealers and Associations 

• World Bank Regional Agricultural Projects 
e Farmers and Agribusiness 


Appendix A gives the neaes and addresses of about 50 individuals who 
were interviewed during the Nigerian visit. A cautionary word is needed about 
statistical data in Nigeria) data are generally Incos^lete and limited in scope 
and availability. The following points should be kept in mind with respect 
to statistics and data collection within Nigeria: 

1) Data on demographics varies widely. All current population estimates 
and projections are derived from the 1963 census which was contro- 
versial. 

2) Internal c<xmnercial and trade statistics are poor. Much of Nigeria's 
rural economic activity is subsistence level in nature, nudclng it 
difficult to measure. 

3) Nationally published statistics are generally two to three years out 
of date. However, \inpublished estimates of current economic activity 
are available from both governmental and private organizations. 

This lack of quantitative data has necessitated a reliance on subjective 
information gathered from interviews, observations and relevant literature 
in Nigeria. Wherever possible sources for Information have been noted amd 
information was corroborated by a'ore than one source. The type of data 
collected included the following: 

e Aggregate statistics including: level and types of agricultural pro- 
duction: distribution of production by size of operation; solar 
insolation; production trends. 

• Characterization of current agriculture practices in terms of: 
operations, machinery used/duration of use, availability of resources 
(labor parts, energy, etc.); economics: financing; diesel/gasoline/ 
electricity use; and costs of collating with PV. 

• Barriers to the implementation of PV systems that are related to: 
costs and availability of balance-of-system parts or equipment; 
skills of workforce. 

• Government energy policies, both existing and planned, relative to: 
rural electrification; prices/supply; renewable energy; consumption; 
type of energy used; PV systems. 

• Government agricultural policies, both existing and planned, with 
regard to: crop production; introduction of new techniques and 
equipment; role of renewable energy systems in agriculture; in- 
centives (financial and other); land reform/land use; employment 
generation; imports of agricultural equipment; storage; research 
marke e ing . 

• Financing mechanisms and availability of credit for PV use in 
agriculture. 
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In addition, information was aou^t in araas apaclflc to PV ayatamai 

a Government attitudes toward renewable resources and the level of 
awareness or interest in PV > and policies conducive to, or 
hindering, PV mariceting and use. 

e Marketing channels and identification of potential barriers/in- 
centives in the marketing of PV systems. Including the present 
structure of markets i buying patterns; service/installatlon; 
profits; and availability of equipment. 

e Business envir<»rkment, incentives and barriers that U.S. companies 
face when planning to conduct PV business or organize joint 
ventures . ^ 

1.3.2 Data Analysis and Market Assessment 

The information gathered during the visit is used to characterize the 
environment in which PV systems would be marketed and to develop an inter- 
grated market assessment for PV systems in Nigeria, ^e assessment pays 
particular attention to: 

e National development plans in agriculture, energy and overall 
economic development. 

e Funding availability and mechanisms. 

e Status of existing energy sources in Nigeria, and the iiiq>lication8 
for PV system introduction. 

e Awareness and attitudes toward Investing in PV systems, for both 
agricultural and other rural applications. 

e Suitability of existing Infrastructure for distributing, installing 
and maintaining PV systems. 

e Cost-competitiveness of PV systems compared to other practical 
alternatives. 

For economic con^>ari8on8 of PV power systems to alternatives, the study 
uses a life-cycle costing computer model %#hich conq>utes life-cycle costs and 
projects the year in which the PV system first becomes cost-conq>etitive with 
its nearest competitor. The data requirements of the model include power 
requirements, usage profiles, the extent of current and future use in Nigerian 


^An excellent and up-to-date assessmcmt of the overall agribusiness environment 
in Nigeria is found in "Agricultural Investment in Nigeria; The Opport\xiities 
and Realities for U.S. Agribusiness Companies," OICD/U.S. Department of Agri- 
culture, Washington, D.C., January, 1981. 



agriculture} ooiqpeting systems} cost» financial and economic parameters} solar 
insolation data} and estimated PV system costs. Ihe objective of the analysis 
was to determine for various agricultural applications the first year of cost- 
coiapetltlveness and the maricet potential thereafter. This muikmt estimation 
procedure is shown in Figure 1-1. 

The outputs of the model are combined with an overall assessment to give 
an estimate of the potential PV market size for applications in Higeria. It 
should be noted that maricet size estimation procedures used in this analysis 
assuma that if PV is to obtain a si'^if leant market share, it must be oost- 
coiqpetltive with the least-cost, practical alternative. 

1.4 Report Organization 

Chapter 2 of this report presents a brief overview of Nigeria in terms 
of In^rtant economic and demographic characteristics, its energy situation, 
relevant government organizations, climate, agricultural regions, and major 
domestic export crops. Chapter 3 describes development plans and policies 
as they influence PV systems use in agriculture. Chapter 4 describes the 
finemcial institutions and funding programs that can play a major role in 
financing PV sales. Chapter 5 describes in detail potential applications, 
their power and energy requirements and the possible extent of use. Chapter 
6 describes economic and financial analyses for selected applications and 
estimates the probable size of the market in the agricultural sector. 

Chapter 7 describes the potential for PV systems in non-agrlcultural and non- 
rural development applications. Chapter 8 describes the business environment 
in Nigeria which, together with Appendix B, provides an overview of the 
relevant Nigerian business community and the advantages and disadvantages 
for developing PV markets. 
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2.0 NIGERIA OVERVIEW 


Nigeria has a population of over 30 million, the must populous African 
nation and the eighth most populous country in the i«orld. Approximately one- 
quarter of the population is urban (cities over 20,000) while over 70 percent 
is classified as rural, consisting mainly of subsistence level famnrs. The 
labor force is approximately 30 million, with 70 percent engaged in agricul- 
ture, 15 percent in the public sector, and 10 percent in industry, comnerce 
and services. Per capita GPD is about $600*, while total GDP is estimated 
to be $50 billion in 1981. 

Nigeria is located on the west coast of Africa between fo\ir and thirteen 
degrees north of the Equator (Figure 2.1). It is bounded by Cameroon to the 
east, Benin to the west, ; J. Niger and Chad to the north and west. About the 
size of Texas and New Mexico combined, Nigeria is ccm^rised of humid tropical forest 
and coastal swamps in the south and Savannah and Saihel in the north. There are 
three areas of high population density — the Port Harcourt oil-producing area to 
the southeast; the Kano area in the northern agricultural belt, and the ever 
widening Lagos-Ibadan commercial and manufacturing area to the southwest. 

The Nigerian political system is modeled after the U.S. federal system. 

After 14 years of military rule, Nigeria returned to civilian rule in October 
1979 with the election of Alhaji Sehu Shagari. The period of military rule 
was marked by three military leaders and the Biafran civil war from 1967-1970. 

The transition to a civiliam government occured in a controversial election 
in October 1979. The major efforts of the Shagari administration have been 
to build a consensus between the states, promote the concept of national 
unity, and develop a favorable performance record, knovring that it faces re- 
election in two years. The present government is favorably inclined to 
foreign investment and seeks to assure foreign businessmen that despite 
domestic political "growing pains" investments will not be affected. 

2.1 The Economy 

The Nigerian economy is dominated by the petroleum sector which has supported 

the econcmiy's expansion at approximately an eight percent annual growth rate 

since the oil boom of 1973-1974. The oil sector accounts for adx>ut 30 percent 

of GDP and approximately 90% of export earnings, while agriculture, including 

livestock, fishing, forestry and related activities represents only 18 percent 

of (S)P despite its overwhelming dcxninance in employment. Table 2-1 shows a 

*Nigeria Area Handbook, Department of State and American university. Govern- 
ment Printing Office, Washington, D.C. 
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breakdown of Nigeria's 1980 GDP by sector {in- $1.70 at official exchange 
rates (February 1980) although many inonetaury experts believe the Naira to 
be overvalued by 20-30%) . 


TABLE 2-1 

Breakdown of Nigeria's Gross Domestic Prodyiigt — 198G 
Sector Naira Billion Percent 

Agriculture 

Livestock, Forestry and Fishing 
Mining and Quarrying 
Manufacturing 
Utilities 
Construction 
Trcinsport 
Communications 
Wholesale and Retail Trade 
Housing 

Producer of Government Services 
Other Services 

total 50,599 100.0 

SOURCE: Federal Ministry of Planning. Outline of the Fourth National 

Development Plan 1981-85. 

The importance of oil to Nigeria's economy is central. When the world 
oil market softened in 1977^78, real GDP growth slowed to 5 percent. The oil 
sector projection of the Nigerian oil authorities is shown in Table 2-2 and 
implifjjs level output. However, current world oil over-supply has forced 
production to be reduced to 800,000 barrels per day and may force a reduction 
in price to maintain even this reduced level of production. 

Public sector revenues ci ated by the oil boom have enabled the Nigerian 
government to undertalte ambitious economic development plans in every sector. 
The goal of both past and present development plans is a more diversified 
economy. This can be seen in Table 2-3, GDP Projections — oil (mining and 
quarrying) decreases in percent of GDP over the period, while manufacturing 
and other sectors increase. However, these development plans have been placed 
in jeopardy by the reduction in oil revenues currently being experienced. The 
critical role played by oil exports is a central element in any market assess- 
ment for Nigeria since the government, the primary purchaser of goods and 
services, depends on these revenues for financing development plan. 
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Outline of Fourth National Development Plan: 1981-1985, Federal Ministry of Planning; 
Nigeria. 


2.2 Agriculture 

Nigeria has a land area of 98.3 million hectares with 71.2 million hectares 
of arable land. Only 34 million hectares are currently under cultivation. 
Agricultural methods in Nigeria are largely traditional and labor intensive. 

The sector anploys 70 percent of the labor force, 95 percent on small farms 
of 2 hectares or less. Once the backbone of the economy, the agriculture 
sector currently is growing at an annual rate of only 1 to 2 percent in real 
terms — significantly slower than the population. A detailed description of the 
major crops of Nigeria are presented in Appendix C. 

Nigeria once exported substantial amounts of cash crops, including cocoa, 
palm oil, groundnuts (peanuts) and rubber. As recently as the early 1970's 
Nigeria had been a net exporter of agricultural commodities. But after 
independence in 1960, agricultural production began to falter and decline. 

Large food deficits arose a decade ago and were aggravated by the neglect to 
agriculture during the civil war and the oil boom. Consequently, Nigeria has 
become a net food importer in a relatively short time (Figure 2.2) and food and 
agriculture have become major generators of inflation. During 1980 Nigeria's 
food import bill was billion, and future demand is expected to continue 

exceeding supply. 

Although Nigerian agricultural performance has been poor, 1980 indicators 
show either a stabilization or some improvement in virtually all commodities. 
These include oilseeds, cocoa, sugar, grains, tubers and tobacco. Nigeria 
has the conditions necessary for vigorous agricultural development of many 
crops for internal consumption as well as for export, and recently the 
sector has been the focus of much national and international progreunmatic 
attention. Nigerian agricultural policy takes a positive position toward 
partici pation by foreign firms. 

2.2.1 Agricultural Institutions in Nigeria 

The Ministry of Agriculture is the primary federal agency for agricultural 
affairs. It is the responsibility of the Ministry to develop and implement 
agricultural policy in consultation and collaboration with various state 
agencies and other federal ministries. Since 1970, the federal government 
has assumed a steadily increasing role in agriculture. Its responsibilities 
include programs in rural development, cooperatives, fisheries, livestock, etc., 
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tkB shown in Figurs 2-3, ss well es lagx>rtent pereetetel corporstione. 

The two aoet inportent pereetetel orgenleetione ere the Netionel Grelne 
Production Boerd end the Netionel Livestock Production Conpeny. Hie mejor 
function of these goverment controlled corporetions is to develop end promote 
egriculturel projects which eid in the developennt of the egriculturel sector. 

These profit-oriented cceg>enies identify end develop coemerciel egriculturel 
projects often in joint ventures with foreign firms end the stete governments. 
Pederel Ministry of Agriculture officiels expect thet these cceipenles will 
contribute significently to connerciel egriculture development. 

The stete ministries of egriculture heve primery responsibility for plenning 
end inpleoienting ell egriculture projects et the stete level. For conmerciel 
projects those egencies will work with foreign firms end perestetels. However, 

Bost of their effort will focus on egriculturel development projects for smell 
fermers. These egencies also provide extension service and technical assistance 
to individual farmers and/or cooperatives. Although projects develop«vi at the 
state level must be approved at the Federal level for funding, it is expected 
that the state agencies will play a significant role in the carrying out of 
the Green Revolution Plan devised by the Ministry of Agriculture in 1980. 

A recent development in many state agriculture agencies has been the 
establishment of state owned agricultural companies. The companies farm 
large sectors of land (sometimes up to 2,000 hectares) often incorporating 
modem agricultural practices and mechanization. The ventures have generally 
been allocated large equipment purchasing budgets and are expected to be 
self-sufficient within a few years of organization. Observers in the agri- 
cultural sector believe that these enterprises will meet with mild success. 

Other federal Institutions which play an important role in Nigerian 
agriculture are as follows: 

• River Basin Development Authorities, coordinated by the Federal 
Ministry of Water Resources, are beccming increasingly involved 
in agriculture and livestock development in their regions. Im- 
portant areas are irrigation and water supplies. 

• The Nigerian Agricultural and Cooperative Bank Limited promotes 
and finances cooperatives as a means of making agricultural loans 
throughout Nigeria (for more detail see Chapter 4) . 

• Agricultural research institutes (23) throughout the country conduct 
research for most major commodities. 

There is also a variety of agricultural orograms at each of the 19 
states of Nigeria. Recently there has been a proliferation of semi-independent 
state agencies dealing with agriculture. In a nunber of states, ^olly owned 
agricultural development corporations with significant equipment purchasing budgets 
have been created to engage in large-scale farming and other coomercial ventures. 
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2.3 Energy Overview 

The predominance of the oil economy tends to conceal the real energy 

problems in Nigeria. These problems Include: 

e limited availability of gasoline and diesel fuel in rural areas 

e low reliability of national electric power grid 

e limited expectations for expansion of electric grid to rural areas 

e low reliability of and leurge maintenance problems with diesel and gasoline 
generator and pumping syst^s in rural areas 

e limited experience anu >^nowledge of energy conservation and renewable 
energy technologies. 

Despite petroleum abundance, Nigerian refining capacity is limited and Nigeria 
is a net importer of refined oil products. Diesel and gasoline prices are 
reasonable, regulated at $0. 90/gal. and $1. 15/gal. respectively, but supplies 
are poorly distributed and are more expensive outside the urban areas, often 
2 to 3 times the official price. Refining capacity and internal distribution 
systems are I'.ndergoing major expansion in the third and fourth national plans. 

Electricity is supplied by the grid (National Electr’c Power Authority) 
and is also relatively reasonable at 9^-12<;/Kwh. Grid power is available in 
a number of cities, but the entire system is very limited (less than 2,000 
MW capacity) and suffers severe reliability problems due to the great 
demand. The system is undergoing considerable expansion in both urban areas aid 
extensions to rural areas, but most irural sites will continue to use diesel and 
gasoline generators, both as stand-alone and back-up electric power, for scmne 
time to ccane. Because of its importance to the potential market for PV 
the electricity sector is discussed in more detail in Chapter 3. 


Natural gas, produced mostly in association with crude oil production, 
is being flared at a rate exceeding 2 billion cubic feet per day. I,ess than 
1 percent is being recovered and used domestically. Joint venture partners 
for a proposed liquified natural gas (LNG) plant are expected to begin gas 
gathering projects within 3 years. Plans have also been discussed by the 
Nigerian Petroleum Production Corporation for an internal gas distribution 
network to be used by industry and the utility. However, no budget allocations 
have been made at present for such a sch«ne. 
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Tti% utilization of solar and rsnawabls snargy in Nigsria is ourrsntly 
on a snail seals with ths sxcaption of firswood uss. In tha north, for 
oxaqpla, in Kano and Kaduna Statas, thara is aapla avidanoa of praviously 
graatar rural uaa of wind powar for watar punping, both in agricultural and 
watar supply applications; howavar, nost nachlnas hava fallan into disusa and 
hava baan raplacad with dlasal pusg>lng systans. Although solar insolation 
appears adequate for PV applications throughout tha country, cosqplata 
insolation data was oollectad at only one location in Nigeria. Data for 
other locations is very limited (saa Appendix 0) . 

With respect to PV utilization, a Frandi govemmant backed demonstration 
project is being developed in Sokoto state. Presently, the funds and equiptsent 
have been committed but installation has not occurred. The project will demon- 
strate PV use in watexpumplng and the powering of small electric appliances. 

The size of the PV array is expected to be 5-6 KNp. While interest in PV 
technology appears to be enthusiastic, especially as a raplacemenc for 
unreliable diesel generator sets, policy attention to solar energy in general 
is low. 
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3.0 

3.1 


NIGERIAN DEVELOPMENT PLANS 


Overview 

The Fourth National Development Plan (1981-1985) represents the most 
ambitious goals and highest level of effort toward Nigerian development to 
date. The federal government, utilizing oil export revenues. Is the major 
force within this plan whose stated goal Is to harness Nigeria's natural 
resources In order to Improve living conditions of the people. Total 
anticipated Investment for the five year period is $127 billion of which 
$105 billion %«ould be In the public sector. 

The two major operational themes of the Fourth Development plan eure to 
place an Increased emphasis on rural and agricultural development and to 
diversify the econot^ away from oil. Agricultural sector improvement Is 
the major development priority In Nigeria. The second priority Is the 
Improvement of education and manf>ower skills which the government feels are 
the single largest barrier to the efficient absorption of oil revenues 
by the economy. The next priority is the strengthening of the economic in- 
frastructvire, particularly electric power, water supply and telecanmunications , 
which at present seriously limit the economy's adaility to operate effectively. 
Housing, health and manufacturing, particularly petrochemical and steel, 
will also receive emphasis In the next plan period. 

The following tadsle approximates the Federal Government's expenditures 
over the five year plan period in areas of major emphasis. These figures 
include Federal monies which will go to state governments for their 
individual projects. These figures however, do not include funds or 
resources contributed by the individual states, the donor agencies, or 
other countries. However, these figures are thought to represent 
approximately 70-80% of the resources which will be available in the 
sectors over the five year period. 
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SOURCE: "Outline of the Fourth National Development Plan (1981-1985)", Fed. 

Ministry of Planning, Lagos, Nigeria, 1980 

These funding levels represent major shifts frcan past development plans 
which emphasized industrial and urban development at the cucpense of the 
rural/agricultural sectors. The present plan represents a return to the 
development of the country's agricultural and rural sector. 

The Federal government also recognizes the role and need for further 
development of the private sector in helping to achieve the country's develop- 
ment goals. Moreover, the government is very receptive to foreign government 
and foreign private sector ventures or partnerships assuming they are consistent 
with plan objectives. 

In general, energy is not a major concern in the development effort. 

Oil resources and reserves are plentiful although energy distribution net- 
worlcs and the maintenance of those systems are problems. The major 
effort in the area of energy will be to provide better delivery systems and 
skilled personnel to maintain the systems. In terms of alternative energy 
technology, the Ministry of Science and Technology is beginning an evaluation 
program, but it has a relatively low priority. 

Interest in alternative energy systems such as PV within the context of 
Nigeria development plans will be limited by the degree to which they can 
assist in achieving the major development goals. Photovoltaic systems deploy- 
ment in rural/agriculture systems would assist development objectives through; 

1) the provision of power sources in isolated sites to provide basic amenities 
(e.g., pumps for village water supplies); 2) assisting in increasing 
agricultural productivity and decreasing agricultural spoilage losses; 

3) assisting development of a more diversified economy away from the petroleum 
sector. 
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3.2 Agricultural Development 


Current agricultural policies and development efforts are aimed at reversing 
net food imports through Increased agricultural productivity and decreased 
product loss. Shortfalls in agricultural output ar^a exacerbated by 
the fact that the annual demand growth rate for food Is 3*5%, whereas the 
annual production growth rate is only 1%, resulting In 2.6 million 
tons of grain equivalent being imported in 1979. 


The basis for Nigeria's agricultural problems are numerous and include: 

e drawing off of skilled rural labor to non-agricultural sectors 
and in general an increased rural-urban migration since the large 
flow of oil money began in 1974; 

e past agricultural policy and development efforts emphasizing 

increasing cultivated land, primarily through large mechanized farms, 
rather than focusing on increasing productivity of the small subsistence 
farmer who accounts for over 90% of the agricultural output. (In the 
fourth developwient plan emphasis is placed on helping the small farmer 
increase productivity while development of large mechanized farms is 
left to commercial ventures and state run farms); 

• lack of adequate rural infrastructure such as feeder roads, water supply 
storage and marketing facilities. 

Objectives for the agricultural sector in the Fourth Plan are geared to 
overcoming these problems. It is realized that to stem rural-to-urban migration 
it is necessary to improve the quality of rural life as well as to increase 
agricultural productivity. Thus, many of the Fourth Development Plan programs 
include provisions for the improvement of rural amenities. The basic 
objectives of the plan include: 

e increased production of food and other raw materials to meet the 
needs of a growing pc'pulation and rising industrial production; 
a basic objective in this respect is the attainment of self-suf- 
ficiency in food in about five years; 

• increased production of livestock and fish to meet domestic needs 
and create a surplus for export: 

• increased production and processing of export crops with a view 
to expanding and diversifying the country's foreign exchange 
earnings; in this respect a target of seven years is being set 
for the revival of cash crops; 

• expansion of employment opportunities to absorb the increasing 
labor force of the nation; and 

• the evaluation of appropriate institutional and administrative 
mechanisms to facilitate the rapid development of the country's 
agricultural p>otential. 
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To accoiqplish those objectives e timber of specific initietives, 
policies and prograsis have been included for the agricultural/tural sector 
in the Fourth Development Plan. The balance of this chapter first describes 
the agricultural related policies associated with the Plan followed by 
specific devel^snent programs. These program initiatives will form the focus 
of the Federal Government's activities. 

Agricultural Policies 

1) Price Incentives Policy 

The Nigerian government will constantly review the minimvan guaranteed 
prices to ensure that they serve the desired purpose of encouraging basic 
food production. 

2) Direct Government Production Policy 

During the Fourth Plan period, the Federal Government will place 
emphasis on encouraging private entrepreneurs to establish large-scale farms. 
Goverranent participation in direct production will mainly be as an equity 
holder in conmercial joint ventures with the private sector. The fiscal 
incentives already provided by the government for companies wishing to go into 
large-scale agricultural production; e.g., income tax relief for pioneer 
enterprises, duty-free importation of farm machinery, additional investment 
allowance of 10 percent for carrying forward of losses, etc., will be main- 
tained and expanded as may be appropriate. Already agricultural production 
and processing has been transferred from Schedule II to III of the Nigerian 
Enterprises Promotion Act, meaning that foreign companies can now own up to 60 
percent of the equity in an agricultural enterprise. The ConiRodity Boards, 
National Grain Production Con^any and the state agricultural development 
corporations will be prepared to go into partnership with private Nigerian 
or foreign investors in estedslishing large-scale farms. However, the 
government fully expects the small land holders to be the major supplier of 
foodstuffs and rural jobs in the future. 

3) Credit Policy 

A major instrument of government agricultural policy during the plan 
period will be to make short and medivn-term capital available to farmers to 
encourage investment and to increase their access to productive inputs. The 



govvrnMnt has ••tabllthad tha Agricultural and Co^Mratlva Bank and tha 

2 

J^ricultural Cradit Guarantaa Schama as two main Institutions for funding 
agricultural production. Howavar, to data, tha diract landing schamas hava 
tandad to favor corporata, larga-scala farms and fantars «dio possasa adaquata 
collataral. A naw stratagy has bean davalopad which will incraasa cradit 
flows to small fatmars (saa Saction 4.2). 

4) Agricultural Inputs Policy 

Tha govarnmant policy of subsidizing essential inputs such as far^ 
tilizers, pastlcidas, and iny^roved seads will continue. A package approach 
rather than single input supply will be followed. Also improved storage 
and distribution will be pursued to reduce waste. 

5) Agricultural Oevelc^ant Projects Policy 

During the Third Plan period, seven state governments with the 
assistance of the federal government and tha World Bank introduced 
Integrated Agricultural/Rural Development pilot programs (ADPs) . The projects 
involved diverse activities such as agriculture, rural road construction, dam 
construction, water supply, livestock production, etc. The ADPs aimed to 
provide improved services in the form of an integrated package to existing 
small holder farming coranunities with the objective of increasing productivity, 
raising farm income and bringing overall socio-economic development to the 
rural areas. The ADPs have been successful and the attempt will be made to 
replicate them throughout the country. 

Fourth Development Plan Agricultural Programs 

1) Crop Production Program 

The purpose of this program is to provide assistance to farms and 
plantations, and to promote agricultural cooperatives and provide agricultural 


^ Annual Report , 1979, Nigerian Agricultural and Cooperative Bank, Ltd., 
Kaduna, Nigeria, October 30, 1979. 

2 

Annual Report , 1978, Agricultural Credit Guarantee Scheme Fund, Cental 
Bank of Nigeria, Lagos, Nigeria, 1979. 
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inputs. Assistance will be in the fonn of preparation of now agricultural 
lands t cash-crop plantations, and rehabilitation of older tree crop plantations, 
i.e., palm-oil, cocoa, rubber. 

2) Agricultural Mechanisation 

Mechanisatirn of agriculture will be iiqpleBented through provision of 
services to farmers and through subsidising pure**., e of mechanical equipRWint. 
About 285 agro-service centers will be established to provide needs, fertilisers, 
pools of tractors and processing equipment. In addition, subs:ldles will be 
provided to farmers to mechanically clear approximately 250, OOU hectares 
between 1981 and 1985. The state governments will establish mechanical 
equipment hiring units for land clearing and preparation. 

3) Crop Storage 

An allocation of $180 million has been earmarked for the provision of 
grain processing and storage facilities. This will be carried out by the 
Nigerian Grains Board and the National Grains Production Company. 

4) Water Resources Program 

The most significant of the federal programs providing infrastructural 
facilities for the agricultural sector consists of the various vaster resources 
projects that the River Basin E>evelopinent Authorities and others are undertaking. 
Irrigation facilities involving construction ox dams and boreholes will be 
provided to facilitate double cropping in most parts of the country. Authorised 
fxinds amount to $1,700 million during the Plan period. Under the program, 
facilities to irrigate about 1.4 million hectares will be constructed while over 
1,500 boreholes will be drilled. 

Most states are covered by minor irrigation schemes. It is envisaged that 
over 76,730 hectares will be irrigated. This will mainly be in the form of 
small plot irrigation systems. 

5) Livestock Production Program 

The government has allocated a total sum of $360 million to the 
livestock sub-sector program which broadly covers meat production, veterinary 
and health services and training, feed production and marketing facilities. 

These funds will be used to establish cattle, goat, and sheep ranches, 
piggeries and a poultry program to produce chicks and broilers. Assistance 
will be provided to the states by the federal government by the provision of 
grazing reserves for cattle. Under this scheme, five million hectares will be 
acquired and demarcated for settlement, pasture development and livestock 
services in 38 settlements covering 10 states. 
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In order to lapro v e the livestock Marketing network, cold stores of 20 
to 50 cubic SMters ci^city will be constructed by both the federal and state 
govemaents at strategic locations all over the country. About 123 of such 
stores %rill be established. 

The state prograa closely parallels the federal prograns. Cattle, sheep 
and goat sultiplication centers, poultry denonstrations and holding centers, 
cattle ranclMS and poultry e]q>ansion prograns wl21 be undertaken and livestock 
feed mills will be established by several of the states. Existing grazing 
reserves, control posts and veterinary clinics will be properly naintained 
expanded in sosie states and a nuniber of new ones will be established in 
other states. 

6) Fishery Production Program 

The programs of the various governments (Federal, state and local) 
indicate a new awareness of the potential of the fishing industry in inproving 
the protein consunption of the population. The sub-sector program falls into 
the broad areas of fishery, manpower development and research. 

3.3 Agricultural /Rural Development Investment Sunmary 

Table 3.2 outlines the expected level of federal expend! t\ires over the 
next five ye 2 u:s in the eJx>ve described program zureas, and not including expenditiires 
of individucd states, donor agencies or other countries. In same zureas such as 
rural water resource development, many states are undertaking ambitious plans for 
providing village water systems. 

As noted in Chapter 2, the vzurious states will receive approximately $50 
billion of the total $127 billion to be spent in the Fourth Development Plan. 

Thus, in mzmy cases, the states will expend more funds in some program areas 
than will the federal government. This is especially true in cases of ADP 
funding where the Federzd. government is supplying only $1,350 billion out of 
the total $6,748 billion. This is also true in water resoiurces programs where 
the Federal government will drill 1,500 boreholes while many individual states 
have plans of drilling as many. 

3.4 Electricity Sector Development Plans 

Nigeria recognizes the importance of electric power to the nation's develop- 
ment. The electricity sector will continue to receive much attention zmd 
finzuice, as it comprises an essential element of the developing infrastr* 2 cture. 

The importzuice of the electricity grid to market potential of PV systems justifies 
inclusion here of detailed discussion of the present grid systan as well as 
development plans. 
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T/aLE 3.2 


Agriculture D»vel<g»«nt Funding 
1981*1985 


Program ($ Million) 

Crop Production 5,400 

Food crop 117 

Tree crop 446 

Agriculture inputs 1,749 

Agriculture crops 117 

Rural Oevelof«nent 1,044 

Agricultural MwChanization* 

Tractor purchases 142 

Agro-service centers 189 

Inclement Development 45 

Crop Storage 180 

Institutional Agriculture Development 1,348 

Water Resources Program* 1,663 

Boreholes* 187 

Livestock Development 432 

Fishery Production 156 


*Indicates that state funds will be made available. 

SOURCE: Outline of the Fourth National Development Plan, Federal Ministry of 

Pleuming, Lagos, Nigeria, 1980. 

The National Electric Fewer Authority (NEPA) operates the majority of electric 
generation and distribution systems within Nigeria. The rest are operated by 
a few state utility boards, which often serve a captive user, e.g., Nigerian 
Electricity Supply Con^any services a major mining operation. 

The national grid currently supplies the major urban and coBunercial areas, 
while very little of the rural areas, particularly in the north, are electrified. 
From 1970 to 1974 annual electricity consumption rose from 1,100 million Kwh to 
2,000 ndllion Kwh, representing an annual growth rate of 20.5%. Annual per 
capita electricity consumption during this period increased from 17 Kwh to 29 Kwh. 
Since then, this growth rate has been exceeded every year. Annual current 
consumption is over 6,000 miillion Kwh. Figure 3.1 shows the current transmission 
and distribution network. Table 3.3 shows the current generation capacity. 
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POWER DEVELOPfCNT PROGRAW 1976- 1985 
INSTALLED GENERATING CAPACITIES (HW)* i 
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Present small user service is for users yA)Ose load docs not exceed 75 KVA 
and consists of 50 Hertz, 400 Volt, three-il^ase 3 or 4 wire service. Tariffs 
for this service are: Power Demand Charge 

First 5KVA N ($5.40) 

Next 5 KVA 50 Kobo (0.5 H) per lOOVA ($.90) 

Next 10 KVA M 5 per KVA ($9.00) 

Energy Charge 

6.5 Kobo per Kwh (11.74) 


These rates are set by the Nigerian Electric Power Authority with approval 
fr«n the Ministry of Power and Mines. It is expected that they will increase 
as the costs of capacity expansion and rural electrification are realized. 

The great demand for electric power during the next ten years will 
certainly exceed the supply, but Nigeria does have the capability for attaining 
electricity self-sufficiency. The hydro capacity has not yet been fully 
exploited and the plentiful supply of coal, oil and natural gas can allow 
expansion of thermal generation systems. 

Currently there is no overall suisterplan for electric pcwer. NEPA's 
failure to achieve previous goals has led to severe criticisms. Discussions 
about restricting this sector suggest that NEPA maintain the responsibility 
for generation and transmission of power, but with distribution authority 
going to the individual states. 

Another means for accelerating development would be to require that 
power- intensive industries and other institutional consumers generate their 
own electric power. Individual private enterprises may be allowed to produce 
and to distribute power again. Smaller private systems to meet local emd 
isolated demands could also be in operation soon. Such a policy will open a 
large market and investment opporturiities to American firms. 

NEPA's capacity expansion plans are shown in Table 3.3. These plans 
call for increase from the present estimated 1600 MW system to 4600 MW 
by the end of the plan? of this increase approximately 1200 to 1400 MW will be 
hydro with the balance in large coal and gas fired thermal plants. NEPA 


3 

"Electricity Highlights," Americem Embassy, Econ/Commercial Section, Lagos 
Nigeria, Febru iry, 1981. 
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officials expressed concern over the ability to Increase capacity at the 
required rate over the plan period. Concern was also expressed as to %diether 
transmission, distribution and support service networks (especially skilled 
manpower) could keep up with the planned expansion. 

The distribution network expansion plans are much less defined. The 
most detailed plans to date call for connecting all local government head- 
quarters (approximately 400) to the national grid by the end of the fourth 
year plan, although the cost of doing this is unknown* Many officials 
interviewed in the Ministries of rureJ. development, pcwer and mines 
and state governments considered this goal unrealistic. At present most 
government centers are served by diesel generator sets of varying degrees of 
reliability, some of which are operated by NEPA. These systons will be phased 
out as the transmission network expands. 

NEPA is reluctant to project at vrtiat rate rural electrification will teUce 
place due to the large distances, high costs and low loads at end of line 
associated with rural electrification. The transmission and distribution 
network will continue to be the maj r problem in rural electrification. At 
present, rural electrification officials within NEPA estimate average costs 
would be approximately $35, 000/Km fOr 33KVA lines. The estimate may become 
considerably higher, especially in the northwest and northeast portions of 
the country. Although there is a federal ccoBtiitment to rural electrification, 
NEPA officials expect the rate at which it will occur will be consider^d)ly 
slower than expected; due primarily to high costs and lack of manpower. 

In addition to NEPA's expansion of generating capacity and distribution 
networks (funded through utility revenues), the federal government plans to 
spend $1.8 billion for improvement and extension of distribution facilities and 
for providing power to rursil areas all over the country. 

Each state has a rural electrification board which sites isolated diesel 
and gas turbine systems. These systems are scheduled to be phased out when 
the grid system arrives at the load center. The state rural electrification 
boards will spend $1.85 billion over the next five years, mainly in the fom 
of isolated diesel and gas turbine plants. Even in the smaller facilities 
(5 to 10 KWe) the boards are envisioning the necessity of having maintenance/ 
operator personnel at each site. The high cost of maintaining these systems, 
combined with the potential delay in rural electrification, suggests a high 
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potftntlal for PV ua« in rural araaa. Howavar, NEPA has axprassad llttla 
intarast to data In PV or othar altarnata anargy powar sourcas. 

3,5 PV in Davalopoant Plans 

Ensrgy is not axplicitly addrassad in aithar Nigaria's agricultural 
sector davelopoant plans or overall non-patrolaun davalopnant plana. Ho%favar« 
the potential applications identified in Section 5.0 correlate very strongly 
with the program areas to receive emphasis in the national development plan. In 
particular, water systems for villages, livestock, irrigation, and veterinary 
centers receive much attention. Numerous state and Federal agriculture 
officials expressed the opinion that if PV systms can swet reliability and 
cost criteria, the potential for stand**alone energy systma for various agri- 
cultural applications for small farmers will be hi^. 
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4.0 AGRICULTURAL FINANCING 


4.1 Ovrvlew of the Nigeria Banklng/Investacnt Sytea 

Ititt financial system of Nigeria is a network of private, federal and 
state banklna institutions subject to extensive credit allocation policies 
of the Federal government. The formal system in Nigeria includes the Central 
Bank under the auspices of the Ministry of Finance, 17 commercial bank ■ 5 
merchant banks, 3 development banks. Including the Nigerian Agriculture and 
Cooperative Bank, the Federal Mortgage Bank, the Federal Savings Bank, several 
finance corporations and insurance companies, and 3 stock exchanges. Each 
of these specializes in certain types of credit service. 

The two major classes of private banks, commercial banks atnd merchant 
banks, account for the overwhelming majority of loems in the Nigerian finan- 
cial sector. Commercial banks, with over 500 bremches, are involved in all 
commercial banking services and customer loans, but only minimally in long-term 
lending. Merchant banks concentrate on l 2 u:ger and longer-term loans to industrial 
and comnerclal clients and on wholesale banking. All merchant banks are foreign- 
af fill-'. ted. Both classes are subject to credit allocation policies promulgated 
by the Central Bank. 

Lending to the private ccsnmunity expanded rapidly with the oil boom £uid 
the tremendous increase in foreign reserves. As part of the government's 
anti-inflation monetary policy, limits on the further growth of ccxnmercial 
bank lending and credit allocation requirements were introduced in 1976, to 
promote the flow of credit to what were termed "directly productive sectors," 
particularly agriculture and manufacturing. Thus, bank loems are divided into 
^fo categories: the preferred sectors and the less preferred sectors. The 
Central Beuik publishes yearly guidelines on how much of a bank's portfolio 
can be in each sector. These are: 

Preferred Sector Less Preferred Sector 
(Mininum %) (Maximum %) 

Cmraercial Banks 75% 25% 

Merchant Banks 79% 21% 

4.2 Agricultural Credit 

The availability of credit is a major determinant of the level of pri- 
vate investment in agriculture. Access to institutioi.al credit h»s *Taditionally 
been difficult for the average farmer due to inability to satisfy loan conditions. 
Even when sone form of credit is available returns to investment are typically 
low, given the la-/ production capacity and the limitations of the trad, cional 
agricultural system. 
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Agriculture is in ths dssignstsd prsfsrrsd ssctori consequently the 
govsrisMnt requires thst s given percentage of bank's loan portfolio snist be 
cosed tted to agribusiness. H)is is as follows t 

Agricultural Production Aqro-Allied Industries 
Ooanercial Banks 8% 3% 

Merchant Banks 5 % 5 % 

Banks «diich do not satisfy these percentages lose the difference between the 
percentage of their portfolio coasdtted to agriculture andtheir required per- 
centage. The difference is resoved fron deoosits with the Central Bank and 
deposited in the Nigeriam Agricultural Baikk. In addition# there are SMxinun 
interest rates allowed for agricultural loans# currently 6 percent for agri- 
culttiral production and loans carrying credit guarantees. 

It has recently been reported# and corroborated during interviews in 
Nigeria, that despite these credit provisions# private banks in Nigeria 
generally have difficulty staking loans to the agricultural sector. The lack 
of attractive couwercial projects, the inherent riskiness of agriculture# the 
attractiveness of alternative sectors# the poor record on loan repaysients and 
the lack of developed banking in the hinterland all contribute to these diffi- 
culties. However# contrary to the majority opinion# sosie banks are actively 
seeking agricultural loans and believe that the agricultural sector offers 
proBiise for future growth.^ It was also discovered that some banks prefer 
not to bother at all with the low profit loans guaranteed by the government. 
Instead, they find it store profitable and easier to stake loans at coomercial 
rates to the agricultural sector and have their portfolio percentage rosoved 
by the Central Bank. 

The major Instruments for achieving agricultural sector lending are 
the Central Bank, the Nigerian Agricultural and Cooperative Bank# and the 
Agricultural Credit Guarantee Schesie Fvind. The role of the Central Bank 
is primarily to control credit ceilings# liquidity/debt ratio cash reserves# and 
interest rates and to prescribe credit guidelines for the preferred sector. 

The Central Bank policies have been fairly consistent over the past five 
years and are eiq>ected to remain the same in the near future. 

The Nigerian Agricultural and Cooperative Bank# established in 1973, 
lent close to $100 siillion in 1979 to both large and ssiall agricultural projects# 


^"Agricultural Investment in Nigeria," op. cit. # p. 31. 

2 

Nigerian Agricultural and Cooperative Banks, Ltd., Annual Report# 1979. 
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as shown in Tabls 4.1. Ths Bank's original fw^lng alas «ias $200 Billion 
with BaxianiBi guarantaas of vp to $100»000 for an individual arJ |2 Billion 
for a oooparatlva or liadtad liability oosipany. 

lha HkCB axpacts to ineraasa its landing activitiaa oonaidarably ovar 
the naxt 2 yaars. Somm bank officials suggaatad a doubling of loans. Tha 
NACB raq<antly iag>laBantad (Jan. 1981) tha Saallholdar Diraet Loan SehasM 
idiich allows waiving of Bany nonsal loan raqulrsBants for loana of up to 
$9000 to SBall land holdars «dio hava difficulty obtaining cradit. A 
siBPlifiad ai^lication forB and provision of assistanca on a local laval 
is intended to encourage its use. Loan periods are 2 yaars and tha interest 
rate is 6%, although no annual loan fund figures ware available. 

The Agricultural Credit (kMurantaa Schsaa Fund was astabllahad in 1977 
to guarantee 75% of tha value of loans aade for agricultural purposes. 

In 1979 a total of 1,105 loans were guaranteed by the fund aaounting to 
$70 million.^ The coninercial banks accounted for the vast Bajorlty of these 
loans. The types of projects that trere guaranteed under this sch«ne are 
shown In Table 4.2. 

Additional agricultural funding is available through parastatal 
corporations such as the National Livestock Production Corporation. In 
the past these have tended to favor corporate, large-scale faras and 
operations with sufficient collateral. Loans on a Bore limited scale are 
also available froa a few of the states' own developaant banks. 

4.3 Attitudes of Financial Institutions Towards Photovoltaics a Availability 

of Loans 

Interviews with a number of private and government financial institution 
representatives were held to assess the attitudes of the financial comnunity 
toward photovoltaic systems. There was a general willingness of high officials 
to consider photovoltaics systems for loans. At the loan analyst level, how- 
ever, there was a sense of skepticism as to how photovoltaics would pass the 
standard analysis. There is little understanding of PV systems and almost no 
use of life cycle cost analysis techniques. Skepticism appeared to be also 
influenced by the following factors: 

e High initial capital cost of photovoltaic systems; 

^Agricultural Credit Guarantee Scheme Fund, Second Annual Report , 31 December, 1979. 
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TABLE 4-1 t 


Lopment Bank 


CUMULATIVE VOLUME OF OPERATIONS AS AT 31/3/7t. 

(Amounts In r 000) 


PROJECT 

TYPE 


ON-LENDING 


Marketing 

TrooCrop 


Arable 


Integrated 


1078/79 


APPROVALS 


No. I AMOUNT 


1077/78 


130,520 


52,491 

20,396 




DISBURSE- 
MENTS No. 


APPROVALS 



88,644 25 97,929 34.20 

2 6,921 2.42 

30,175 14 40,619 14.19 

7,677 7 20,396 7.12 



SUB TOTAL A 65 203,603 65.29 126,496 48 165,865 57.93 


DIRECT LENDING 


Tree Crops 
Mixed Farming 
Feed Mill 


Arable Crop 

Rabbitry 

Poultry 


Cattle 


Horticulture 


Forestry 

Fishery 

Pijnery 



15 34,532 12 06 

15 3,947 1.38 


31 27,392 9 57 


52 5,679 


1 3,224 

6 41.209 


11,846 


SUB total B 150 I 108.228 34.71 


42.518 129 120.438 42.07 


GRAND total 
A 4 B 


215 311.831 



169,014 177 286.303 
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•The scheme came into operation on 3rd April, 1978. 



• Lack of infotaatlon and aMaxanaas on ptiotovoltalea ' liadtations 
and advantagaai 

a A baliaf that ^lotovoltaics will not» In tha naar futura, hava 
a aalas and aarvioa infraatxuctura. 

Although bank officiala rwaainad akaptical aftar balng Intarvlawad# thara 
appaaxad to ba a ocmaanaua that thay would eonaldar ]^x>tovoltaica aa <ma 
anargy altamativa and would flnanea photovoltaic projacta if thay proved 
to ba aconoadcally and financially viable and tha borrower aatiafiad caah 
flow criteria corraaponding to tha aiaa of tha loan. 

4.4 Ooncluaiona 

Nigeria haa an axtanaiva financial network coaqpoaed of both private and 
govemwent owned financial inatitutlona. The najority of invaatnant fui^a 
are controlled by the privately owned cceaMircial and aerchant banka. Theae 
funda are available ae abort to nedluB-texm capital loaiva prlnsrlly invaeted 
In industry, ccaanerce, agriculture, real estate and public utlllt.les. The 
Nigeria Agriculture and Davelopnent Bank and aerchant banks are the aajor 
sources of long-tera capital for agriculture. 

A clear breakdown of what and-uaaa agricultural loans are ^^lied to is 
unavailable. It is clear that capital availability for loans to the agricultural 
sector will not be a sajor problen facing use of FV systeaM. However, the 
creditworthiness of the borrower is generally of chief Importance. 

That photovoltaics is a reliable technology which enables the end-user 
to increase productivity j^nains to be demonstrated in Nigeria. For this 
reason it is believed that a large portion of early PV funding will not 
coma throtigh commercial financial Institutions, but rather throv^h government 
purchases . 
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5.0 itfancoLroiutt ctctok j^mcktioim 


In mamining th& »nnt proadslng potential implications for photovoltaic 
syatsaM in agricultura for Migariar aavaral factors prsdoadnata. rirst/ ths 
kay slsnsnt which influancas ths photovoltaic mrXst posttivaly is tha iarj^ansa 
difficulty in rural araas of Miqaria of s>aintaininq snail qasolina and diasal 
anginas. This was rapeatadly swntionad during intarviava with public sactor 
individuals rasponsibla for rural davalopsMnt and with privata agricultural 
axparts. Tha coadsination of local problans, ouch as duat in tha north, and 
ttM difficulty in obtaining parts and in finding knowladgsabla swchajiics provide 
a major opportmiity for PV syatoM, as small angina sets are currently tha 
primary power sources in most rural areas of Nigeria. This situation is ex- 
pected to improve slowly as Nigerians gain more fasdliarity and skill with 

mechanical systems and spare parts networks extend beyond the major cities. 

Second, the key decision-making role of the Nigerian govenuBant, 

particularly with respect to agricultural activities, must be asphaslsed. 

As outlined in Chapter 3.0, the federal and state governments will play a major 
role in all aspects of rural and agricultural developamnt. 

Third, given the Green Revolution Plan, heavy reliance is being Mde 
on the Nigerian small holder as the centerpiece for indigenous food production 
increases. The Green Revolution Plan was developed by the Federal Government 
and the World Bank to improve Nigerian agriculture productivity. The plan 
provides the basis for the agriculture development activities called for in the 
fourth development plan. At present, the small holter cultivates almost entirely 
by hand without extensive use of draft animals, let alone tractors or other 
agricultural equipment. The Accelerated Development Areas (ADA), stemsdng from 
successful Agricultural Development Projects funded in part by the World Bank, 
provide an organisational mechanism for giving the umall holder access to pro- 
duction inputs, eag^tise, and markets. Consequently, the federal and state 
gcvemmontal units are the most likely potential consimmrs of equipment such as 
photovoltaic systMs for agricultural applications. In sosm cases, this equip- 
ment would be sold by the government to the farmers or to agricultural cooperatives 
at approximately half the original purchase price. 
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Fourth, loss of agricultural products frosi harvsst to tbs tabls is 
axtrsBMly high. The state and Federal Binistries of agriculture indicated 
that losses range fros 35 percent to 60 percent or More, depending on the 
coBSodity. Consequently- preservation and loss reduction are cwsidered 
a Major area for investnent, even greater than investMent in technologies 
to increase production. 

Finally, critically important to the small holder production strategy 
is the cosmitment , as part of the development of agriculture in Nigeria, to 
improve the quality of life in rural areas by bringing amenities to the 
villages. The en^hasis on combined agricultural productivity increases and 
improvement in rural life is a centerpiece of the government's development 
plans for the next five years. The first priority is the provision of 
adequate supplies of safe drinking water, followed by access to health care 
facilities, improved access to education, and finally rural electrification. 
The commitment of the government to rural develop.iient is underscored by the 
level of funding and the schemes that have recently been announced. 

Given the importance of rural and agricultural development in 
Nigeria, this study examined PV uses in agriculture and rural services. 

The application evaluation was based on the following criteria: 

e level of production and/or importance of the application to 

agriculture/rural development ; 

e type of operation and its adaptability to a PV power source; 

e current and planned use of the application in Nigeria; 

e costs of competing systmns; and 

• power and energy use profile reqtiired. 

This process identified the following applications: 

e Production Applications 

- Micro-irrigation 

e Processing Applications 

- Grain-grinding 

• Preservation Applications 

- Fans for dryers 

- Produce coolers 
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' Ictt najc«rs for flth proservation 

- Refrigaratora/fraaBars for vatarinary appllcatlona 
a Ananitiaa for Smll-Scala Producara 

- Vlllaga water auppliara 

- Village health canters 

- l^ucatlon canters 

** Extanaion audiovisual aids. 

5.1 Production Applications - Micro Irrigation 

By far, the majority of agricultural production in Nigeria is rainfad. 
Larga'-sccile irrigation is virtually un)cnown in Nigeria. River Basin Develop- 
ment Authorities in a number of states have large-scale water-control schanes, 
primarily utilizing large Inqpoundnants with extensive dam construction and 
some irrigation canals. The next five year development plan calls for 
75,000 hectares to be irrigated (primarily in Imo, Niger, and Kano states) 
with over half of this resulting frcxn large hydro-electric projects. 

In the north, however, a traditional form of micro-irrigation is 
practiced in sowill river valleys called tadamas. These areas fill with 
water during the rainy season (May through August) and often beoxne coBipletely 
dry before the onset of the next rains. As the waters begin to recede, peasant 
farmers begin cultivation of rapidly growing fruit species and siarket 
vegetables. These intensively farmed patches (2 to 5 hectares) are irrigated 
using intricate channels and the traditional "shadouf" for lifting the 
water into the channels. The shadouf is a counterbalanced pole attached to 
a large calabash or gourd. The shadouf lifts the water approximately two 
to three meters at a rate of 20 to 30 liters per minute. It utilizes local 
materials for construction and human labor for power. The shadouf is portable 
and is moved as the water in the fadama recedes. Pumping systons %#ould 
permit continuation of farming throughout the year by accessing sub-surface 
reservoirs of water. This would act to increase output as production levels 
are a direct function of water application. 

Through observation and discussions it was determined that small 
pusgp-array sets lifting water from 5 to 30 meters would have many irrigation 
applications. The two primary applications would i>e: 1) in and around 



faduM areas «d\lch would permit year round cropping in a single area* andi 
2) use in areas %dtere surface water is limited in the dry seasm to enable 
double cropping. The characteristics for these i^llcati<ms are shown below. 



head 

rate 

No. of 

land area applications 

yearly 

enmration 

Fadama 

5-10 meters 

20- 40 lAtin. 

3-5 hectares 

5-10*000 

7-8 months 

Double 

cropping 

10-30 meters 

80-120 Z/min. 

4-9 hectares 

NX 

8-9 months 


Such a pump would have to be durable* require very little service* and 
be protected against overheating if clogged or moved from the trater* 

The critical factor in such an application would be the cost. The issue 
for the farmer would be tdiether his incoew growth utilising such a system would 
be sufficient to justify the expense. The team was not able to determine the 
economic benefits of such a system* but dmonstratlon should be sisple and 
straightforward. Ihe pump systems would be eligible for government loans 
for agricultural inputs. 

5.2 Processing Applications - Grain Grinding 

In every village market* on the days when the markets are active* 
small gasoline-powered grinders can be found. These market grinders utilise 
one to t%fo horsepotrer engines and grind a variety of cereal grains* nuts* etc. 
The pattern of operation is detenained by the local conventions for market* 
which in sexoe regiwis is daily* weekly, or every fourth day. The grinder 
operation times vary* ranging from intermittent to nearly continuous use 
(8-10 hours) . 

The most vulnerable aspect of these 2-5 hP grinding systems is the gasoline 
or diesel engine providing mechanical power. Even more than the usual 
problems ars^' .ated with these small engines, the chaff and dust associated 
with threshing and milling causes filters to clog and the engines to fall 
frequently. 

Small PV powered grinding power mills operating five to six days a week 
up to 8 hours/day could be a feasible alternative to gasoline and diesel 
po«»ered mills. Iliese types of grinding operations currently exist in most 
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narkttt c*nt«ra of ovor SOO poopl*. PurchaM of FV poifarad grindars WMild ba 
oithar through local agricultural oooparativaBt looal gova m aanta or tha 
National Grain Production QOMpany. hi>|«oxiBataly I«000 oonvantional grinding/ 
Billing ayatama of thia typa ara aold annually. 

5.3 Praaarvation Applications 

5.3.1 Fana for Pryara 

Ona of tha prinary cauaaa for low agricultural productivity in Nlgaria 
ara loaaaa aaaoclatad with inadaquata grain drying, and iBpropar vantilation 
during atoraga. ht praaant alaoat all grain ia aun driad. Tha fadaral and 
atata niniatrlaa of agricultura aatinata that loaaaa ranga from 35 to 60% 
par yaar. Thia problwa will ba axacarbatad whan doubla cropping la introduced 
ainca cropa will than ba harvaatad during tha rainy aaaaon. Tha Hlgarlan 
govarnnant haa racogniaad thia problan and haa allocated $200 million for 
grain atoraga to tha Nigerian Graina Board and tha National Gralna Production 
Company under tha Fourth National Davalopnant Plan. 

Currently aaall diaaal powered dryara ara being developed under tha 
auspices of the Green Revolution Plan. The U.S. Agency for International 
Development supports 25 grain drying and storage facilities (each with a 
capacity of 100-200 tons of grain) in various locations in Nigeria. HotMvar, 
possibly due to cultural reasons, these facilities ara rarely used. If the 
cultural biases can be overcome, small PV powered dryers could ba affectively 
used in Nigeria. They could ba similar to tha dryers being developed by 
the International Rice Research Institute (1-2 electric fan, rice hull 
furnace, 1 NT/day capacity) . They would affectively cempata with the diesel 
dryers under development. The dryers' utilisation rata would ranga from 
4-10 hours/day for about 9 months of the year. The pra-1986 market for 
such dryers (if successfully demonstrated) would ba on the order of 500-1000. 

5.3.2 Produce Coolers 

Perishable fruits and vegetables ara trmnandoualy vulnerable to loss in 
tropical regions. If reliable produce coolers could be developed utilising 
photovoltaic power aupplies they would be ideal for providing high quality 
food for village consueption. Coolers of 12 to 15 cubic SHters would be 
sufficient for small villages. 
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For larfor Applications a aodalar approach could ba davalcpad «dtaraby thsss 
ooolars oould ba aggragatad into largar units. Such systass ara not prasantly 
baing utilisad, so tha davalopa»nt and dasign of such systass naads to ba 
oarriad out in cooparation with local axparts in agricultural productim and 
■arkating. 

* 

Fowar raquiraaants for produce coolers would run approxtaately 1.5 KH 
and maintain a temperature of between 45 and 50°F. They would be in use 
year-round and be designed with a two day cold storage capability. The 
potential market for the coolers would be about 2,000-4,000 with the federal 
government and local agricultural cooperatives being the initial customers. 

5.3.3 Ice Makers for Fish Preservation 

Nigeria has reasonably rich marine and ireshwater fishery resources. 

Lack of suitable preservation facilities and poor transportation infrastructures 
severely limits catch and consequent sales. Smoking and drying of fish are the 
most common means of preservation. However, due to poor technique losses are 
as high as 60-70%. Small ice production units producing 500 to 1,000 
kilograms of ice per day would be suitable for fish preservation purposes. 

Such a unit would be sufficient for an equal weight of fish for a 48 hour 
preserving period. 

The Ministry of Agriculture and local fishing cooperatives would be the 
initial buyers of these ice makers. The starket for about 150 units exists. 

PV systems will cosq>ete with diesel powered con^ressors. Tlie low maintenance 
characteristics of PV systmes would be less of an advantage here, since B»st 
fishing villages have some experience in maintaining diesels. 

5.3.4 Veterinary Units/Ref rigerator-Freesers 

The Ministry of Agriculture, Department of Livestock Production is 
endeavoring to improve practices in animal husbandry in Nigeria using modern 
methods of vaccination for disease prevention and control, and artificial 
insemination for herd ixprovement . These efforts are complicated by the 
difficulty of obtaining reliable refrigeration and freeser storage for 
vaccines, smnen and medicines. In those rural areas where the grid is 


*Thermoelectric heatpvsnps due to their lack of moving parts and low maintenance 
needs, could be an ideal source of cooling. However, their costs are greater 
than conventional refrigeration units. 
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avftllabi*, it is unr*liabl«i 4i«Ml and gaaolina •ngin«-g«naratoz powar 
auK>llaa too ara of liaitad rallabillty. In tha past, kazosana zafzigazatoza 
hava baan utillaad with difficulty. Thus, no faasibla altaznativa to a 
zaliabla PV zafzigazation unit axista. 

Tha potantial foz uaa of photovoltaic-powazad, aaall voluna, high 
zaliability, fzaacaz*zafzigazatoz ayatacM is axcallant. Contacts with 
savazal vatazinazians in vazious lavals of govaznsMnt in Nigazia hava 
indicatad anthusiasa foz such systaas. Bach zafzigazatoz would zaquiza 
appzoxiaataly 200 tiatts of powaz. It aight ba dasirabla to pzovida PV 
ganazation capacity foz vatazinazy cantazs foz fluozascant lighting and 
othez saall alactzical usas in addition to tha zafzigaration-fzaacez powaz 
naads. 

The total power required for each of these facilities would be about 
800-1000 W. This would include lights* refrigerator* sterilizer/distiller 
an& a water pump. Currently, there are very few of these centers throughout 
the country; most of these are without power. The Fourth National Development 
Plan calls for an increase in veterinary centers although a specific number 
is not mentioned. Sources at the National Veterinary School in Jos suggest 
most of these would have no access to grid power. Each local government agency 
would have one. In the area of heavy livestock population* multiple 
centers would be required. The state and federal governments would provide 
the funds for these centers. 

5.4 Amenities for Small-Scale Producers 
5.4.1 Village Water Supplies 

The greatest priority for rural development in Nigeria is providing 
rural villages with a clean, reliable source of drinking water. Minimally* 
this means sealing the dug well and providing a means of lifting the water. 

In most cases* however* it aieans drilling bore holes and providing a pun^. 

In the northern states of Nigeria* water tables range from 10 to 100 meters deep. 

In such schemes* water storage in 10*000 to 18*000 liter tanks is 
presently plknned. Tliis approach probably would allow PV systems to be 
installed with minimal or no battery storage. The sizing of pus^s will 
depend on the required capacity* depth* etc., with 10 to 15 meters being 
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typical. Power raquaata are about 1.5-3 KN. 

The life of diesel systeM in pusiplng applications is estiaated at 
between 3 Months and 2 years, with aost estiaates attesting the shorter tiae 
periods. The aajor probleas facing diesels are availability of qualified 
Maintenance labor, spare parts and fuel. 

Many gro^ps are involved in drilling bore holes and providing pmpBt 
the state ministries of rural developaent. Federal DeparUMnt of Rural 
Development in the Ministry of Agriculture, River Basin Developaent Authorities, 
Federal Ministry of Water Resources, and World Bank-funded Accelerated 
Development Projects. They will be potential buyers of PV powered pumps. In 
all cases, discussions yielded consistent reiqponses concerning the inability 
to maintain and service the diesel or gasoline powered puaps. In Kano State, 
where the ministry of rural development plans 1,000 boreholes in the next 
five years, officials are considering use of an operator in each village to 
turn the punp on and off several times per day, and to service it as needed. 

These officials were not optimistic that even this measure would be effective, 
although they felt alternatives %rere extrmnely limited. It is estimated that 
as many as 10,000 boreholes may be drilled nationwide over the next five 
years, with the vast majority of these relying on diesel or gasoline po%rered 
pumping systems. The fourth development plan allocates over $400 million for 
the drilling and powering of these water suDolles. 

5.4.2 Village Health Centers 

The unavailability of reliable electrical power poses severe limitations 
on small clinics in rural villages. Power is needed for: 1) small 
refrigerators and freezer units (200W) for storage of vaccines, perishable 
medications, and other supplies; 2' fluorescent lighting for examinations 
and operations (10-20W each) ; 3) halogenic or UV sterilizers (lOOW) ; 4) audio- 
visual equipment (400W) ; 5} radio transmitter (lOOH) ; and 6} a water pump, if 
a central water source is not available. The total load for these facilities 
would run about 1 kw and operate 9 to 10 hours/day. Reliability and low 
maintenance will be the major factors in purchase of any systems. A demonstration 
of the effectiveness of PV systems will be necessary for any significant 
number of sales to occur. 

The Ministries of Health and Agriculture, and the Office of Rural 
Development will be the primary purchasers of such systems. Current plans 
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call for the •xpandltura of ovar $200 million ovmr tha naxt flva yaars on 
basic haalth aarvlca achamas, tha primary alamant of «diich ia davalopsMnt 
of local haalth clinics aarvlng 2, 000-5 *000 paopla and providing basic 
madical care. Tha state governments are placing top priority on davalopaant 
of these clinics. It is expected that 100 to 200 of these local clinics stay 
be built over tha naxt five yaars. 

5.4.3 Education Centers 

The application of diesel generators for school congxjunds is considered a 
necessity fcr staffing village schools in many parts of northern Nigeria. In 
many states there is great difficulty in obtaining the teachers for schools 
without at least a diesel generator. The generators which provide lighting 
for the compound and the other amenities necessary for the staff are subject 
to frequent breakdown. PV power supplies for school compounds could provide a 

relatively trouble-free source of power for isolated schools* allowing* in 
addition* the use of video cassettes and educational television* and 
lights for adult education programs. Sizing of systmns will depend on the 
extent of electrification of each compound* but lighting and TV would require 
only modest systems. 

The primary function is to provide power for lighting* water pumping 
and small motors. Depending on the size of the school* the load would 
fall somewhere between 400 w and 1.5 kw* operating for 5-10 hrs./day. The 
Nigerian Ministry of Education and the state governments plan to spend 
over $500 million on renovation and construction of new secondary and 
technical schools throughout Nigeria over the next five years and the 
number of PV powered systems for sv cit purposes could be about 500-1000. 

5.4.4 Extension Service Audiovisual Aids 

Project directors in several agricultural development projects were 
interested in the potential for PV to power audiovisual equipment. Use of 
video cassettes or slide projectors should be possible with a single battery 
charger utilizing PV cells. The Accelerated Development Projects planned 
for all the states in Nigeria are intending to utilize at least one extension 
agent per 500 fanners. Ptirchase of these systems tiould be through the Ministry 
of Agriculture and the state governments. The extension agent program is being 
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d*v«lop«d. Th« d«mand for PV powtrod tystons night b« about 80-100 ayatona 
par yaar. Thaaa aystans would aupply a load aquivalant to about lOOW oparatlng 
for 1 to 2 hra./day. 

5.5 Sunanary 

Table 5.1 shows a coa^llation of the astinatad power raquirastanta and 
the expected number of installations for the applications described in this 
chapter. These estimates form the basis for the cost analysis and market 
estimate conducted in the next chapter. 


TABLE 5.1: 

Aqriculture/Rural Development Applications 


Application 

Estimated Power 
Bating (KW) 

Expected No. required 
1982-1986 

Micro-Irrigation 

1 -1.2 

5,000 

Veterinary Units 

.8-1.0 

200 

Grinding 

1.5 

3,000-4,000 

Dryer Fans 

1 -1.5 

500 

Produce Coolers 

1.5 

2,000-4,000 

Ice Makers 

5 

200 

Water/Boreholes 

1.5-3 

5,000-10,000 

Health Centers 

1 

100- 200 

Education Centers 

1 -1.5 

500- 1,000 

Extension Service 

0.1 

400- 500 
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6.0 NMUCET ASSESSMENT 


6.1 Introduction 

Tho PV aarkot tlso ••tinatos for the applications described in Chapter 
five are based upon a comparison of life-cycle costs for PV systms and 
conventional engine generator sets. Although cost comparisons is the major 
criterion, a number of other factors are critical to any decision making 
process in Nigeria. As a result market estimation included factors such 
as: 

e reliability of system 

e maintenance requirements and service network availability 

e status associated with new technology 

e Nigerian business practices which often encourage high initial 
costs . 

A major factor influencing the market assessment was the lack of authori- 
tive data or large variations in available data. For instance, 
the official national price for fuel is 90i/gallon for diesel and $1. 15/gal. 
for gasoline. In major cities fuel was often available at these prices, 
whereas in rural areas prices ran as high as $3. 40/gallon for diesel, when 
it was available. Similarly, the lifetime of small diesel generator sets 
(under ISKWe) was estimated at anywhere from 2 months to three years, with 
no one interviewed reporting lifetimes greater than 4-5 years. 

Given the importance of non-cost factors in Nigeria, the market estimation 
approach was to perform a cost-competitiveness analysis to obtain a preliminary 
estimate and then impose the non-quantitative factors to arrive 
at a final market estimate for PV system use in the Nigerian agriculture 
sector. Thus, the analysis is a blend of a formal cost-analysis and a more 
informal assessment of how markets may develop in Nigeria. 

Section 6.2 briefly describes the methodology used in the market size 
assessment analysis. In Section 6.3 a series of cost-conq>etitive analyses 
are described. These analyses identify the year in which PV becomes com- 
petitive (on a life-cycle cost basis) to conventional systems. Section 6.4 
sxmnarizes the market and institutional factors that constitute Incentives 
and barriers to PV use. Section 6.5 presents potential market size estimates. 

6.2 Market Assessment Methodology 

Market size estimates are developed in two stages. In Stage 1, the 
life-cycle cost of PV systems is compared to that of the most competitive 
conventional p>ower system for a variety of applications. For exanqple, for 
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i^llcatloM raquiring a power capacity of about IKN or lesa, the conpetltor 
la gasoline generators. For larger systems It la diesel generators. The life- 
cycle costa of PV systems and the competing conventional systems are calculated 
on an annual system purchase basis » from 1980 to 1990. When costs become equal, 
a PV system installed In that year costs as much as a conventional system 
Installed in the same year, as measured on a life-cycle basis. Thus, the 
analysis enables one to determine when PV systems become competitive with 
conventional systems. 

The second stage combines the results of the cost-analysis with non- 
cost factors to develop market alee estimates for PV systems in the agricultural 
sector. Factors described in section 6.4 such as financing availability, 
equipment replacement rates and national development priorities are included 
to determine final market estimates. 

6. 3 Cost Analysis 

The cost emalyses are based on accepted life-cycle costing principles. 

The economic analysis conqpares to the life cycle costs of PV systems to its 
conventionally powered C(mq>etitor to determine the first year of cost 
competitiveness of the PV system. 

The analysis was run fox the following four applications: 1) borehole 
pvmps for village water supplies; 2) produce coolers; 3) veterinary centers; 

4) micro-irrigation. These four applications were chosen, in part, because 
more data was available relative to other applications where the potential 
for PV may be as high. The basic a8Sunq>tions used in the cost analysis are 
as follows: 


Inflation* 

Discount Rate 
Loan Fraction 
Life of Diesel /gasoline 
sets 

Fuel cost (diesel, ga*«- 
olinc) 

Fuel Escalation rate 
PV system lifetime 
Salvage Value 
Labor Cost 
PV 

Conventional 


0 % 

12 % 

0 

5,000 hrs. 

$0.90, $1. 15/gal. 

3% 

20 years 
0 

$2/hr. 

$4/hr. 


*kil costs, and financial parameters measured in real terms after factoring 
out inflation. 
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Oth«r aBsunptions w«Bd in tha cost analyaa* ara ahown In Tabla 6*1 and 6.2. 
Tabla 6.3 showa tha raaulta of tha analyaaa for tha four applioatlona indicating 
tha nacaaaary paak array aiaa, tha first yaar tha FV systaai is ooiapatitiva, 
and tha lifa cycla cost par Kwh (1980$) in tha first yaar of oost-oosQ>atitivanaBs. 

In ganaral, tha cost-conpatitivanasa of PV systasts is aost sansitiva 
to tha lifatiaw asswad for diasal systau. Whan short lifatiMS ara assunad 
(2-3 yrs,) nost PV applications bacoiM oost-co«patitiva by 1982. A najor 
drawback to tha cradibility for thip typa of analysis in tha Higarian contaxt 
is tha usa of lifa-cycla costing, a concapt not widaly usad in Nigaria. 

Although sona grovqps ara baginning to usa lifa-cycla analysis, us\ially tha 
low-first cc.c approach to systasi or aq\iipnsnt salaction is takan. Thus, 
graatar awaranass of lifa-cycla cost analysis, although slow in coating, will 
be of benefit in trying to sail PV systasi in in Nigaria. 

6.4 Sursiary of Incentives and Barriers to PV Ute in Agriculture 

The purpose of this section is to susinarixe the major non-aconostic incentives 
and constraints to PV usa in Nigerian agriculture. There ara a variety of 
government policies, business and financial practices, and social /cultural 
factors which Impact upon PV system utilisation. For American PV manufacturers 
the constraints or barriers to the development of a PV market in Nigeria include: 

1) The unfamlllarlty with PV technology and lack of successful 
PV demonstrations; 

2) The relatively cheap and stable price of oil in urban areas, 
although price and availability varies significantly in remote 
rural areas; 

3) The conservatism in Nigeria towards "unproven" technologies, pv 
unlike other developed country technologies has not been thoroughly 
proven in the U.S. or Europe; 

4) The possibility of foreign cospetition, particularly from the 
French, Gennans and Japanese; 

5) The lack of distribution, parts and service net%forks for PV; 
unavailability of skilled labor is an especially critical factor. 

The major factors which will, act as incentives to the use of PV systems 
in agriculture include: 

1) The availability of capital t!.rough numerous channels, mostly 
resulting fresn oil revenxies, particularly in the iorm of low- 
cost credit for agriculture; 



Tabl# 6.1 Celt A»>ua<ptloni 


Diesel Engines 

IXM 

2KN 

3XN 

4XN 

5XM 

8XW 

cost (1980$) 

2,200 

3,600 

4,840 

5,670 

6,840 

8,500 

Fuel Consumption 

0.26 

0.33 

0.37 

0.43 

0.52 

0.64 

gal/hour at 
full load 







. PV System Costs * 

I960 

1982 

l'«4 

1986 

1988 

1990 

$/Wp (in 1980$) 

20.85 

11.73 

9.14 

6.55 

5.28 

4.40 


Inclusiv* of 
batteries 

3. Average daily insolation ■ 390 langleys. 

4. 0 & M for PV system >0.02 hours/KNp/operatlng day 

5. 0 £ M for diesel system ■ 0.15 hours/hours of operation. 


♦Source: JPL, 1980 Program Summary Document 
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TABLP 6.2 
SYSTEM FACTORS* 


System 

Factor 

Borehole Water 
Supply 

Micro- 

Irrigation 

Produce 

Cooler 

Veterinary 

Center 

Load Size Kw 

3.1 

1.2 

1.2 

1 

Hrs used/day 

8 

6 

9 

8 

Months used/yr. 

12 

8 

12 

12 

Annual Kwh 

8710 

3700 

4100 

2880 

Battery Storage 
Amp hrs. 

0 

0 

eutectic 
salt & 
batteries 

150 

Conventional 

4.0 

2.0 

2.0 

1.0 

Engine Size (Kw) 

diesel 

diesel 

diesel 

gasoline 


TABLE 6. 3 
COST ANALYSIS 


Llf« Cycle Coet in 

Array Size First Year of $/Kwh in First 

AK>lication KWp Cost-CoBg>etitiveness Year of Cost-Ccn^petitivensss 

Borehole punq;>ing 
village water 
supply 

6.0 1982 0.36 


Micro*Irrigation 

2.6 1983 0.45 


Produce Cooler 

3.7 19fs2 .51 


Veterinary Center 

2.1 1981 0.57 


^Specific details of the systeas are provided in chapter five, i.e., gallons 
of wster puaped/hr. and depths. 
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2) oowaitaent of fodoral govamaont to utsistlng aaall-scale 
agricultura and rural davalofaMnt, throufi^ supply of input 
factors including energy and the provision of basic aaenities 

in rural sector (i.e., potable water, agriculture produce grinding 
and storage) . 

3) Uie limited nature of the utility grid including its unreliability 
and the prospects for slowed rural electrification program. 

4) The low maintenance aspect of PV systeas in a nation plagued by 
maintenance problems for conventional energy systems. 

A suamuury of the relative degree of constraint/incentive for current 
Nigerian business and financial practices is provided in Table 6.4. 


TABLE 6. 4 


CHARACTERIZATION W BUSINESS ENVIRCWWENT/PINANCIAL BARRIERS, 
CONSTRAINTS AND INCENTIVES TO PHOTOVOLTAICS 


Present Status 


Area 

BUSINESS ENVIRONMENT 

Dealer/Importer/Manu- • 
facturer Relationship 


Service/maintenance e 


Foreign Competition • 




Dealers often act as exclu- 
agents for products 


Dealers do not usually 
stock high value parts 

Maintenance of small systems 
left to purchaser--large 
systems serviced by dealer. 


Major shortage of skilled 
workers for conventional 
generators. 

U.S. is 2nd or 3rd in motor 
generators set field. 

U.S. technology generally 
well respected 


French and Germans are 
interested or are currently 
developing PV market. 
Japanese are monitoring 
situation. 


Degree of 

Constraints /Incentives 
Towards Photovoltaics 
Relative to Conventional 
Power Generator Sets 


No effect 


Moderate 

disadvantage 


Moderate 

disadvantage 

Small 

disadvantage 
No effect 


Large advantage 


No effect 

Small 

advantage 

Moderate 

disadvantage 

Moderate 

disadvantage 


• Warranty terms are very 

limited on small conventional 
systems. 


Strong competition by 
Europeans and Japanese in 
alternators and motor market. 


Credit terms range up to 
60 days for small equipment*— 
installment payment terms for 
large items (25% deposit, 
two-year monthly install- 
ments) . 
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TJ^LE 6.4 (Cont.)i 


Area 


Degree of 

Constraints/Incentives 
Toward! Photovoltalcs 
Relative to Conventional 

Present Status Power Generator Sets 


Investment Climate 


Standards and Regula'- 
tions 

FINANCIAL PRACTICES 

Role and Responsi- 
bilities 


Attitudes to PV 


Long-Term Investment 
Capital 


Loan Terms for Long- 
Term Loans 


e 

Investment in high coat 

Large 


projects are often preferred. 

advantage 

e 

Government offers a number 

Moderate 


of financial incentives to 
manufacturers to site plants 
in Nigeria. 

advantage 

e 

Generally, all U.S. 

Small 


standards are acceptable. 

advantage 


• 

Government funded financial 

Small 


system would provide both 
long-term and short-term 
financing at low rates. 

advantage 

e 

Privately-owned financial 

Small 


system provides short-term 
working capital. 

advantage 

e 

Skepticism until technical 

Moderate 


feasibility demonstrated 

disadvantage 

• 

Capital available from both 

Large 


private and public sources 

advantage 

e 

Total long-term capital 

Large 


available for agriculture 
and rural development is large. 

advantage 

e 

Funding will be provided 

Large 


for many energy related 
public works projects. 

advantage 

e 

Competition of PV for loans 

Moderate 


to provide other basic 
agricultural inputs 

disadvantage 

• 

Interest rates between 3-11% 

Moderate 

advantage 

e 

High debt-equity ratio 

Small 

advantage 
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TABLE 6.4 (Cont.) 


Area 


AWARENESS AND INTEREST 
IN PV 

Public Sector 


Private Sector 


Degree of 

Conetreinte/Incentivee 
Towards Photovoltaica 
Relative to Conventional 

Present Status Power Generator Sets 


e 2-6 year maturity 

e Loans range from $10,000 
to $100,000 or more 


Small 

disadvantage 
No effect 


e Lack of information on PV 

by government decision-siakers. 


Disadvantage 


e Wait and see attitude towards 
PV by energy officials 


Moderate 

disadvantage 


e Skepticism by planners that Moderate 
PV could compete with oil and disadvantage 
gas 


e 


High interest in PV once Moderate 

characteristics are understood advantage 


e Active and enthusiastic Small 

entrepreneurial interest advantage 

in PV by Nigerian 

businessmen 


6.5 Market Size Eetlnatlon 


Estimation of the number of sites for different applications is 
difficult in Nigeria. Furthermore, PV market size estimation methodologies 
that use current and projected gasoline axMS diesel generator sales as an 
Indicator of possible PV sales can be misleading. This is so for two reasons: 

1) in Nigeria most large diesel generators are used to provide back-up power 
in the case of grid power failure; 2) In many agricultural applications, 
gasoline and diesel engines are directly coupled to equipment, witlu}ut the 
need for an electricity generator. Thus, even if fully known, generator 
sales are an inadequate indicator since they do not take into account a 
large segment of the feasible agricultural sector market. Secondly, in Nigeria, 
cost if often not the only major assessment factor. In many potential PV 
applications conventional systems are currently not used or are used with 
limited success. The market size estimation procedure begins by establishing 
a preliminary market size. This market size is defined as the KHp equivalent 
of the total manber of cost-competitive applications in the 1981-86 timeframe. 
The preliminary estimates is then modified to reflect the non-economic con- 
straints and incentives to achieving the potential market. 

The primary criteria used were as follows: 

• Extent of potential applications; 

• Capital availability; 

• Perceived problems of conventional energy systems; 

• Technical barriers to PV use; primarily lack of demonstrations 
and incompatible load schedules ; 

• Institutional barriers; primarily hesitancy to accept new 
technologies, lack of awareness of PV possibilities and limitations, 
lack of awareness of life-cycle cost concepts, unique problems of 
conducting business in Nigeria (i.e., infrastructure problems, 
business practices) . 

These factors are subjectively weighted to reflect their relative 
importcmce to PV market penetration. One factor of particular importemce 
is capital availability. Capital for PV system p\irchase is expected to be 
available from three sources; 1) the federal government; 2) the state govern- 
ments; and 3) private sources. Of these three, federal funds will be availa- 
ble first, followed closely by private funds (currently available if packaged 
systems were available) 2 uid state funds. Private sources of capital are 
clearly the most difficult to estimate. However, they are assumed to be 
very large, judging by the high demand and even higher prices paid for luxury 


6-10 


consumer items in Nigeria. Capital available to states is in part a function 
of the national development plan. Federal support normally makes up about 
60-70% of the states' budget. Total capital expenditure budgets for the 19 
states over the next five years is approximately $50.4 billion. Approximately 
$10 billion of this will go for water and nural development projects. Federal 
funding available for PV systems is expected to be large (upwards of $50 
millioo) if PV systems are demonstrated to be technically feasible, have 
high reliability and meet some measure of cost-coiq>etitiveness . 

Since there is considerable uncertainty in an estimating market size, 
two predictions are made based on two scenarios. 'Phe two scenarios used 
%irere as follows: 

e The base case assumed a continuation of present conditions for 
PV awareness in Nigeria, and barriers and incentives summarized 
in the previous section continue to be relevant and applicable. 

e The increased activity scenario assumes the PV systems are successfully 
demonstrated at an early date, increased government interest is 
realized, aggressive marketing is pursued by PV con?>anies, and 
little improvement is made in use and service of conventional power 
systems . 

The market estimates include those applications for which a formal 
cost-analysis was not applied. These additional applications have been 
described in Chapter 5. These applications have similar power and energy use 
characteristics to the ones for which a cost analysis was conducted. Thus, 
they will have similcu: cost-conpetitiveness characteristics. Estimates are 
also made for non-agricult\iral applications numy of which are described in 
Chapter 7. 

Table 6.5 gives estimates of market for PV systems in Nigeria for each 
scenario. 

TABLE 6.5 



Estimates of PV Market Size 
in Nigerian Agriculture Sector (KWp) 


Base 

Case 

Increased 

Activity 

Year 

Annual 

Cumulative 

Annual 

Cumulative 

1981 

15 

15 

50 

50 

1982 

70 

85 

150 

200 

1983 

350 

435 

400 

550 

1984 

480 

925 

700 

1250 

1985 

750 

1675 

1300 

2550 

196h 

1250 

1925 

2100 

4650 
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6 . 6 Conclusions 


There are many characteristics of:±he Nigerian agricultural sector and 
economy that will influence the maricet for PV systems. Below are listed the 
most and least favorable: 

Advantages 

e Stated government policies towards rural and agricultural development: 
e Availability of capital from both government and private sectors; 
e Shortage cf skilled labor for maintaining conventional systems; 
e Short-life of conventional generating sets in rural applications. 
Disadvantages 

e Potentially stable price of oil; 

e Need for clear demonstration of technical reliability; 
e Potential lack of marketing and service channels for PV systems; 
e Lack of awareness of potential and possibilities for PV systems. 

If present business practices continue, the market for PV power systems in 
the Nigerian agricultural sector and for rural servies will be leurge. The 
most important factors are the availedsility of capital and the high premium 
placed on high reliability, low maintenance systems. The market will consisc 
primarily of government- funded small power applications and government commvini- 
cations projects with some sales going to affluent individuals and corporations. 
In the 1982-1983 ' imeframe and beyond, the market for larger systems would 
begin to develop as soon as products are available in packaged systems. 
Cumulative market size in the 1981-1986 timeframe is estimated to be about 
1.9 to 4.7 MWp. 

The decision on whether to attempt penetration of Nigerian markets with 
PV systems must obviously be a careful one on the part of the U.S. companies, 
however it is, one that waurreuits serious consideration in view of the large 
potential market. Section 7 on other PV markets and Section 8 on Business 
Environment complete the picture of the Nigeria market potential. 
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7.0 OTHBR PV MARKETS 


Although this study eonosntrstsd on potsntlsl asrkst appliostions In 
ths agriculturs and rural davslopasmt ssctorsi s significant dsaand for PV 
systsBS alrsady sxists for othsr applications or is likaly to davalop in 
ths nsdiuB tarn. Thsss applications ars largely in the area of reaote 
power for all types of cossninications systoBs. Other uses include cathodic 
protection » signalling devices » and domestic power systeuts. 

It is isqportant to note that these applications dsMand his^ reliability 
and convenience. In order to be cdspetitive , PV systems must demonstrate 
this advantage effectively. Because of the lack of trained engineers » system 
assenblers and technicians * it will be very important for PV companies to 
provide complete systems (as opposed to providing just the modules and power 
conditioning equipment > for example) as well as making available service 
guarantees . 

7.1 Electricity for Public Buildings 

A hl0\ priority in Nigeria's Fourth National Development Plan and NEPA's 
rural electrification plans is the electrification of all local government 
centers. However, because of the slow pace of grid expansion, relatively 
more liqportMt facilities such as police headquarters may require electric 
power and communications links before grid connection takes place, thus 
necessitating stand-alone power systems. Already many facilities have 
diesel electric generator sets but experience serious maintenance and fuel 
supply problems as well as difficulty in keeping operating personnel in 
more isolated locations. Discussions with local government officials as 
well as hi^-ranklng Federal Government sources indicated that because 
of these problems and also the political benefit to be gained from a PV 
demonstration in a local government headquarters, PV power systems may 
find a market in this sector. Marketing would be targeted directly 

toward state and local government officials. 

7.2 Relay Stations for Military Communications 

The Nigerian military has a great need for more reliable long-distance 
communications as the network of military posts and connunication links 
ejqxand. Currently, problems with diesel systems are sufficiently severe 
that the Army is often forced to use the commercial telephone network. 
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The military is known to ba intaraatad in altamata powar ayatana for raoota 
ralay atationa and tha potantial for raplication of a auccaatful PV damonatration 
oould be aignificant in thia high-priority application. 

lha atationa oparata twanty-four houra par day, but tha axact pcwar 
raquiramanta of thaae ayatama are not kno%m. Theae are typical military 
oonnunicationa ayatana with all the aaaociatad radundanciaa of eqnipatant. 

Many ayatams are grid connected uaing diaaal ganaratora aa ba^-\^ aourcaa 

of powar. Although the military ia known to ba Intaraatad in altamata powar 

supplies they are also known to be very coat-conscious. Officials indicated 

that total electric pcwer for these stations including buildings, may be 

desired. Systems sold in this atarket would require high reliability, implying 

fully Integrated systems with automatic back-up power and/or substantial battery snortage. 

Marketing should be directed toward the telecanmmications and signalling 

divisions of the Nigeriem Army, Air Force and Navy. 

7.3 Rural TV Receivers 

The number of TV sets in Nigeria is expanding rapidly, as are all markets 
for consumer electronics. Many sets are owned by consumers in rural locations 
which have no sovurce of electric power and are operated by batteries which 
must be recharged approximately every week. The costs of battery recharging 
are not insignificeuit (about $3 to $4) , and the inconvenience of this method 
provides an incentive for alternate systems. If PV-powered television sets 
became widely available at a reasonable price, this market could represent 
one of the largest potential applications for PV in Nigeria. Development of 
this potential will depend on: 

# design of a PV module which is specifically made to fit the 
TV sets and batteries ccxnmonly in use in rural Nigeria, which 
contains all the necessary elements (including connecting cables, 
mounting rods, etc.) and which is of the minimum size required for 
powering the TV set (not a system designed to power TV, lighting 
and various home appliances) ; 

• proper advertisement of the systems, emphasizing convenience and 
prestige aspects; and 

e encouraging competition among various dealers to keep dealer 
margins to a minimum. 

Marketing «#ould be directcKl toward electronics dealers and consumer adver- 
tising channels. 
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Ttie market potential of PV for other hoeie appliancea luch aa lighting » 
fana and air conditionera ia probably a amall fraction of the potential for 
PV TV. For theae other appliancea, leaa esqpenaive ai^ relatively reliable 
altemativea do exiat, and conaumera are unlikely to inveat in theae «ppli* 
ancea the relatively large auaa which they would pay to have an independent- 
ly-po%fered TV aet. 

7.4 Televiaion Relay and Repeater Stationa 

As part of its policy to expand national information and comnunications 
capabilities the federal government has required that Nigeria Television Authority 
progranaiing be available anywhere in Nigeria. This will require microwave 
links or relay stations which are used to transmit signals from one major TV 
station to another and to zonal switching centers for local broadcasting. In 
general, a relay station needs a power so\irce of about IKH, necessitating a 
PV array of 3-4KWp in Nigeria. Over $5 million has been committed to establish- 
ing this network of television links in the Fourth National Development Plan*, 
and it is believed the Nigeria Television Authority is interested in PV power 
as an alternative to diesel generators. Marketing efforts should be directed 
toward the transmission division of the Nic^ria Television Authority. 

Repeater stations are smaller than relays and are used largely in 
rural areas to receive signals from the main TV stations and broadcast 
them to TV receiver sets in the surrounding area. Their power requirements 
are smaller than for relay stations, generally in the 120 to 600 W range 
and only operating during broadcasting hours. Because of the number of 
repeater stations necessary to provide TV to the whole of Nigeria, they 
will be well dispersed throughout the country with many requiring stand- 
alone power systems. Again marketing should be directed toward the Nigeria 
Television Authority. 

7.5 Cathodic Protection 

Despite oil's isgxjrtance to Nigeria's modem economy, the distribution 
network for petroleum firMucts wit'^ xn Nigeria has r jmalned relatively 
undeveloped. Many large pipeline and storage projects were started in 


* Fourth National Development Plan , p. 72 
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tha pravious davalopnant plan parlod in ordar to la^rova tha axiating 
natwork and ara still undar construction. Ovar $1 billion is contittad 
in this plan parlod for a varlaty of raf inary, pipalina, storaga and 
aalntananca projacts. Cathodic protaction for plpalinas and storaga, 
and also for offshora drilling and production aquipasant in Mlgaria's oil 
Industry could ba a signf leant PV narkat, aspacially given tha highly 
corrosiva conditions of Nigeria *s coastal cllmata, where much of tha oil 
industry is located. Marketing should ba directed toward the Nigerian 
National Petroleum Corporation, which manages all oil sector programs. 

7.6 Transportation Applications 

The use of PV power for small Isolated transportation signalling 
devices is well known in the U.S. and is an application which makes equal 
if not more sense in developing countries where energy is a problem. The 
transportation sector in Nigeria is allocated over $11 billion in the Fourth 
Develofmient Plan, with funds going to virtually every aspect of road, rail, 
aviation and water transport systems. Both for replacement and installation 
of new signalling devices, the following applications are seen to represent 
substantial market potential for already available U.S. pv products: 

e Marine Signals : light buoys, lighthouses and radio signallers 

in Nigeria's increasingly busy ports. Contact is the Port 
Authority within the Ministry of Transport. 

e Airport Signals ; advance landing strip radio beacons for Nigerian 
airports (3 international and 14 other conanercial airports) . 

Contact is Airports Authority within the Ministry of Tranaport; 

• Reil Signals; switching devices# and lights for level crossings. 
Contact is the Nigerian Railway Corporation in the Ministry of 
Transport . 

7.7 Conclusions 

It is difficult to know the size of these potential markets without 
exact knowledge of specific system expansion plans and the current power usage 
patterns. In some areas, such as the oil sector and transportation sector, 
data is likely to be available on existing equiixnent usage. The amount of 

funding for these growing sectors in Nigeria, coupled with a prevalent interest 
in new and alternate systems throughout the country, indicate strong market 
potential for PV. 
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8.0 BUSIMBSS EMVIRONNENT 

8.1 U.s.-Mlqrian i«l>tion> 


Nigeria has a Bixad aoonoedc aystm with both t^:o public and private 
sectors involved in invests^nt. Many activities such as utilities and transportation, 
petroleum production and all oonminications are state owned and controlled. 

Further, the Federal government exerts a large Influence over other sectors 
of the ooonoBjy through various policies, controlling investawnt priorities 
and participation in large projects as a minority or majority shareholder. 

However, private enterprise is strongly encouraged in commercial, 
industrial and agricultural* related activities, and fields such as mechanical 
and electronic equipment, textiles, food and manufacturing (althouf^ ^vemment 
is often a partner in many large enterprises) . Both the Nigerian ^vemment 
and Nigerian businessman are keen to increase business ties with the U.8. 

The U.S. is Nigeria’s largest trading partner and they are interested in 
continuing to expand these relationships. Although there is enthusiasm 
on the part of the Nigerians for doing business with the U.S., from the 
American business point of view Nigeria represents a large but not totally 
understood majdeet. Although the potential problems of doing business in 
Nigeria have probably been exaggerated, differences from the American way 
of doing business do exist. Probably the most useful suimnary of these 
problems is contained in an OICD/lSDA report,^ «dilch details prospects 
for U.S. agribusiness firms in Nigeria. 

In general, business practices in Nigeria are similar to those of 
many developing countries, *diere firms will often be required to be flex- 
ible and creative in order to succeed. The Joint Agriculture Coordinating 
Committee (formed between Nigeria and the U.S. to prexaote agricultural re- 
lated business) suggested basic guidelines for U.S. firms wishing to do 
business in Nigeria and are listed in Appendix B. 

Since Nigerian law requires that any business in Nigeria be at 
least partially owned by Nigerians, obtaining a partner is an essential 
issue. Such partnership can be with federal or state governments or 
government backed organizations, private corporations, or individuals. 

A good partnership is essential so a careful choice is extremely important. 


^"Agricultural Investment in Nigeria," Op. Cit. - See P. 4-2 
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TIm isaua of "pajakants” is ons causing oonstaxnstion to aany U.8. fitas 
«id individuals. Ihara arc two ganaral oatagoriM. Tha firsts known as 
"dash*', is ganarally a saall asount paid as a "ganarous tip," operating as 
tha "graasa which kaapa tha cogs and whaals of businass aoving." Large 
oosMissions to govanunant officials for assistance in securing contracts or 
reward for contracts secured are another swittar. This category' of payaant 
for U.S. firm doing businass in Nigeria falls within tha purview of tha 
Foreign Oorrvg>t Practices Act of 1977. Tha penalties for actions covered 
by this act are significant for ooapanies and ooiporate officers involved. 
Moreover, the Act requires "affiznative action" regarding nonviolation. 

8.2 Level of Public Awareness 

The level of knowledge about PV system is in general very low 
throughout Nigeria. Tl,e aost knowledgeable individuals interviewed were 
associated with universities, followed by agricultural ainistry personnel. 

The Ministry of Science and Te^mology, is reported to have the hipest 
degree of \inderstanding of PV system within Nigeria. Thus, an educational 
effort to raise the general level of awareness about PV systsns must be 
undertaken. The awareness of PV system is directly related to the overall 
general low level of awareness about energy system. Thus, with the exception 
of a few key people, a aajor problea to developing a PV aarket in Nigeria 
will be the developaent of an understanding of the potential and liadtatlons 
of PV and PV systea applications. However, once the concept of PV is 
demonstrated or explained, a great deal of enthuslasa was developed during 
discussions with Nigerian officials. 

A key to developaent of the PV aarket in Nigeria will be operational 
size denonstratiOTS with high visibility. Throughout the trip this point 
was emphasized as basic before any substantial purchases %«ould occur. If 
these demonstrations were successful, the purdiase of PVs would surely 
follow. Capital cost, altlK>u^ a factor, did not appear to be the major 
detezminant if the demonstrations proved successful. Reliability and 
low mintenance factors were perhaps the most critical factor. A nunber 
of options for demonstrations exist ranging from PV manufacturer funding to 



total Nigarian govaxnaant funding. Sgm fom of cost- sharing will aoat 
likaly ba tha quickaat routa to daaonatration of PV oapahilitiaa. 

6.3 gntrapranaurial Intaraat 

Thara is currantly littla antrapranaurial intaraat in photovoltaica in 
Nigaria. Houavar, in tha inatancas whara buainaaaaan bagan to 
undaratand PV f./aiaaa and potantiala« a larga dagraa of intaraat %iaa ganaratad. 
It waa fait hy float that PV could davalpp aa a larga industry within Nigaria, 
if it wars daaonatratad to ba tachnologically faaaibla and highly raliabla. 
Given tha Migarians' hi^ businass acunan# thair laval of intaraat in PV 
will ba diractly ralatad to tha tadmical faaaibility of PV aystama operating 
in Nigaria and tha potential for profit. In general, Nigerian bubinasaiDen 
are interested in entering into partnerdiipa with XoDarican buflinasaaen. 

To date, PV activities have bean United to pralininary operatiems 
by two U.S. PV fima with Nigerian partners and a French PV aanufacturer. 

Given that no najor PV aystaa sales have occurred, the low level of entre- 
prcneorial interest is understandable. However, based on nunierous discus- 
siona, it is believed that once the general level of un^ratanding is raised# 
a surge of entrepreneurial interest ranging fren iaport to aanufacturing 
enterprises will arise. 

6.4 SuBisary of Nigerian Electric Generating Eguipaant Market 

The bulk of small electric generating systems are sold fren manufac- 
turers throud^ laporter /dealers to end-users. A broad range of generating 
and water-pumping equipatent is available throud^ distributors in all major 
cities. Tagos is the main inport canter and supplies most of the covintry 
with eguipoent and parts. Host retailers only handle one or t*fo brands of 
equipsent tdiich are supplied by a major inq^rt house (iisually in Lagos) 
which handles only one brand of equipaient. The major brand names are 
s\d 3 sidiaries of foreign oonpanies with Nigerian partners (tp to 40% foreign 
equity) which noxsully act as the sole iaqporter and wholesale distributor 
for that brand of equipnent. 

Credit is not generally eztmded in equipsMnt purchases, particularly 
for small tyx>es of equipment. For larger generating sets, credit is some- 
times available depending ot the purchaser and the particular oespany sel- 
ling t'le eqtiipskent. 

Service on equipment sales and spare parts is limited outside of the 
major cities. The shortage of trained mechanics and parts outside of Lagos, 


8-3 


Kaduna, Port Harcourt, Enugu and a few other cities is severe. Even 
within the major cities service is a prc^lem, due to the large number of 
private generating sets emd the limited number of service personnel. In 
the case of large generating sets, lOOKW and up, the st^plier will sometimes 
extend a service contract (especially if a government agency is the pur- 
chaser) . For smaller syst&ns, however, either the end-user repairs and 
maintain*! the system, or it must be brought back to the place of purchase 
for service. 

End-users in Nigeria tend not to be highly price-sensitive. Prices 
vary considerably throughout the country and often within the scune city 
Availcd>ility of equipment at the time of purchase is often a larger c?” — 
sideration than price. 

Presently, British suppliers lead in the electric generator set 
field, followed by the Germans, Americans and Japanese. The l 2 u:gest 
British suppliers include Lister, Blackstone, and Perkins. The Germans 
who dominate the laurge diesel generator markets with MAN, Dentz and Mer- 
cedes Benz sets, also sell smaller sized (5-20KW) Bosch equipment in Ni- 
geria. American equipment distributed in Nigeria inclxides Caterpillar 
(soon to be assembled in-c_iuntry) , Cuimnins, Wisconsin, Briggs and 
Stratton, Hcanelite, and McCulloch. The American equipment tends to be 
small, portable generating and pximping equipr'cn_ (1 - 15KW) and to c<an- 
pete directly with the smaller Japanese equipment. The exception is 
Caterpillar, which sells larger generator sets to building constructors, 
etc., based up>on their success with construction equipment. The Japeuiese 
sell small Honda eUid Yadiama engines, with Yamaha sets being assembled 
in Nigeria and receiving a direct price break as a result. The Japanese 
have been in the market only a short time and are the fastest growing 
segment of the sector. 

The majority of engine sets are not sold for use in the agricul- 
tural sector. Larger systems 25KU and above are sold to private indiv- 
iduals and business as back-up to the often unreliable utility 9 .. id 
system. Smaller systems find large use in urban areas for construction 
projects, small power requirements and water pumping. Rural applications 


8-4 



of this type of equipment are limited primarily to applications requiring 
small, intermittent power, e.g,, threshing. 

Most equipment is imported fully assembled, the major exception being 
Yamaha generators which are assembled in-country (this does not include 
assonbly of seme larger systems broken down for transport) . 

The government is encouraging in-country mauiufacture of equipment, but 
realizes that this will be a slow effort given the low availability of 
mechamically skilled labor. 

8. 5 Foreign PV Competition 

Presently the French (Elf Oil) are the only country active in PV 
within Nigeria, They are currently developing a 5KW demonstration in 
Northwest Nigeria. This demonstration is being funded in part by the 
French government. The German MAN company has begun tentative discussions 
in Nigeria, but at present does not have any representation in Nigeria. The 
Japanese are not currently active in *’i sria, but have been monitoring 
the Nigerian market. 

8.6 Climate for Investment 

The cli'iiate for U.S. investment in Nigeria is very good. The 
Nigerians wish to strengthen ties with the U.S. No specific provisions 
with respect to taxes, equity and tariffs for PV importation or in-country 
manufacture have been designated. As interest in develops, their 
status with regard to imports and in-country manufacture may change to 
favor !use of this technology. An additional incentive to PV firms 
interested in Nigeria is Nigeria's central role in the Economic Community 
of West African States. 

8. 7 Standards and Regulations 

Generally, all U.S. standards are acceptable in Nigeria. The tech- 
nical orientation of industry in Nigeria is British, with a major leaning 
towards U.S. standards. 

8. 8 Government Regulations 

Specific tariffs for PV systems have not been declared. In gen- 
eral, tariff rates vary depending upon the need for the product, whether 
there is an indigenous industry, or whether the product is brought in 
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fully assenbled or requires In-country essenbling. The rate for energy 
systens equipnent is 15%. However « PV systens nay be included in agri- 
cultural inputs and hence be subject to a very low tariff rate. 

Foreign pv firms would be permitted to hold 40% equity in any Ni- 
gerian operation under present law. As the Nigerian foreign ownership 
schedule is presently structured, if pv systons were assembled in Ni- 
geria foreign equity could be as much as 60%. The whole foreign owner- 
ship scheduling structure is currently under review with the likely out- 
come being that a loosening of the classifications and criteria will 
occur. 


8-6 



Appendix A 
List of Contacts 


Mr. S. F. ADEFILA 

Agriculture Assistant Director 

Federal Ministry of Mater Resources 

9 Kofo Abayimi Road 

Victoria Island r 

Lagos, NIGERIA 

Mr. B. A. ADESANYA 
Assistant General Manager 
National Electric Power Authority 
Marina Road 
Lagos, NIGERIA 

Mr. Oglh ADESEKO 
First Bank 
47 Muring Road 
Lagos, NIGERIA 

Mr. A. A. ADESIDA 

Manager, Agricultural Lending 

First Nigeria Bank 

Broad Street 

Lagos, NIGERIA 

Alhaji AHMADU Ruf'ai 

General M 2 mager, Hadejia-Janale River Basin Authority 
Madarginri Road 
Kano, NIGERIA 

Mr. Har\inu AHMADU 
Administrative Director 

Nigeriam Agriculture Promotion Corporation, Limited 
Kadunu, NIGERIA 

Mr. Ahmed ALTI 
Project Manager 

Fxintua Agriculture Development Project 
Kadunu, NIGERIA 

Dr. Alex ANIMALU 
Department of Physics 
University of Nigeria at Nsukka 
Nsukka, NIGERIA 

Mr. A. AYO 

Assistant Director, Agriculture Planning 
Ministry of Agriculture 
Federal Office Coag>lex, Victoria 
Lagos, NIGERIA 
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John DAVIES 

Director! Agriculture Research Institute 
University of Ahmed Bello 
Zaira, NK^IA 

Nr. B. DELZIHOISE 
UTC, Limited 
Natori Road 
Appapu, NIGERIA 

Mr. EJIOFOH 

Holt Engineering (Nigeria) Limited 
Natori Road 
Oregun, NIGERIA 

Mr. P. S. ERRIDGE 

General Manager, Putnam (Nigeria) Limited 
225 Appapu Road 
Iganmu, NIGERIA 

Dr. C. Z. EZEILO 

Mechanical Engineering Department 
University of Nigeria at Nsulcka 
Nsukka, NIGERIA 

Les FREEMAN 
Market Namager 

R. T. Briscoe (Nigeria) Limited 

21, Creek Road 

Apup , Lagos, NIGERIA 

Mr. Bukon G. FC»fPAN 

Plateau Agriculture Development Corporation 
PO Box 6307, Zaria Road 
Jos, NIGERIA 

Mr. Charles GARMAN 

International Institute for Tropical Agriculture 
Ibadan, NIGERIA 

Richard GRIMSHAW 
Division Chief, Agriculture 
World Bank 
Ikoyi Island 
Lagos, NIGERIA 

Mr. E. GUILLAUME 

Elf-Aquitaine Nigeria Services Limited 
Lagos, NIGERIA 

Mr. G. N. IKEANYIONWA 

Chief Engineer, Ministry of Agriculture 
Plateau State 
Jos, NIGERIA 



Mr. Zubair N. IMUN 
Pamanent Secretary 

Ministry of Rural and Commmity Development 
Kano State 
Kano, NIGERIA 

Mr. Joseph INGRAM 
World Bank 
Ikoyi Island 
Lagos, NIGERIA 

Mr. I. K. INUWA 
Chief Engineer 

Ministry of Rural and Comnunity Development 
Kano State 
Kano, NIGERIA 

Mr. A. O. JACOBS 
Manager, Battery Sales 
Lucas House, Limited 
Federated Motors Industry 
19 Creek Road 
Appapa, NIGERIA 

Mr. Sule KYSAURE 

Director, Agriculture Planning 

Ministry of Agriculture and Natural Resources 

Kano State 

Kano, NIGERIA 

Dr. M. I. KOLAWOLE 
Project Controller 

Nigerian Agriculture Cooperative Bank 
Kaduna, NIGERIA 

Dr. A. G. LAMORDE 

Director, Nigerian Veterinary School 
Jos, NIGERIA 

Mr. Samuel OBLU 
Senior Credit Analyst 
Agricultural Lending 
Chase Merchants Bank 
Kano, NIGERIA 

Dr. C G. ODENUKWE 

Projects Development Institute 

Enaga, NIGERIA 

Dr. J. C. ODODO 
Department of Physics 
University of Nigeria at Nsiikka 
Nsukka, NIGERIA 
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Mrs. 0. A. OBGE 

Scientific Officer 

Federal Ministry of Water Resources 

9 Kofo Abayini Road 

Victoria Island 

Lagos, NIGERIA 

Miss OKEKE 

Assistant Chief Water Engineer 
Federal Ministry of Water Resources 
9 Kofo Abayimi Road 
Victoria Islamd 
Lagos, NIGERIA 

Mr. A. OLUMESE 
Agriculture Planning 
Ministry of Agriculture 
Lagos, NIGERIA 

Dr. Martin OHOREN 
Deputy Director General 
Nigerian Manages>ent Institute 
University of L\gos 
Lagos, NIGERIA 

Mr. 0. F. J. OYAIDE 

Assistzmt Director, Department of Rural Development 
Federal Ministry of Agriculture 
Victoria Islamd 
Lagos, NI<331IA 

Mr. David OYAKHILOME 
Assistant General Manager 

National Grains Productions Conpany, Limited 
2 Maska Road 
Kaduna, NIGERIA 

Mr. J. PETERSON 

Chase Merchants Bank Nigeria Limited 
23 Awolowo Road 
Le.gos, NIGERIA 

Mr. A. P. POPOCLA 
Permanent Secretary 
Ministry of Water Resources 
Victoria Isleuid 
Lagos, NIGERIA 

Mr. A. QUIDICUTT 
NITECO, Limited 
Appapa, NIGERIA 


Dr. Abdur ItASRID 
Planning Advisor 

National Grains Production Coiqpany 
2 Haska Road 
PNB 2181 
Kaduna, NIGERIA 

Nr. C. RICKER 

Marketing Manager 

J. R. Ift>lt (Nigeria) Litaited 

25 Creek Road 

Appapu, NIGERIA 

Mr. David RICKETS 

Manager, J. R. Allen (Nigeria) Limited 
Creek Road 
Appapu, NIGERIA 

Nr. Jakonda SULEVIAN 
Executive Chairman 

Plateau State Agriculture Development Corporation 
Zaria Road, PO Box 6307 
Jos, NIGERIA 

Mr. Afenbi THOMPSCM 
Executive Secretary 
Nigeriem-American Chamber of Commerce 
21/25 Broad Street 
Lagos, NIGERIA 

Mr. S. A. UZOKWE 

Agriculture Develofoient Authority 
Opera Avenue 
Ennugu, NIGERIA 

Sum UZOKWE 
Chief Engineer 

Agriculture Development Authority, Anambra State 
Ennugu, NIGERIA 

Mr. Don HINSLC»f 
Assistant Manager 
Jeraa'd Mechanized Farms 
Kufanchan, NIGERIA 

Seyi WRIGHT 
Credit Analyst 

Chase Merchants Bank (Nigeria) Limited 
Avolowo Road 
Lagos, NIGERIA 
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send someone to investigate the business environment in person. Only if 
there is overwhelming evidence that Nigeria provides no opportunities 
should companies decide against visiting because the country defies 
judgment from afar. Some companies will be able to narrow significantly 
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their accumulated experience in the local environment. The traditions, 
customs and style of Nigerian business are different from those iff the U.S. 
The U.S. firm that does not learn from his Nigerian counterpart is likely 
to encounter problems. Nigerians have a strong sense of their own inde- 
pendence and prerogatives and appreciate recognition of this. 
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When studying a project, do not make assumptions about important links in 
the project, such as ownership of assets, access to markets, licensing and 


sources of capital. Sometimes U.S. companies are unwilling to get involved 
in important parts of the business which they do not understand. Rather* 
they take tneir partner's word that particular conditions for the project 
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Related to the issue of procedure is the issue of supporting the spirit of 
the law as well as its letter. Businesses in the U.S.* as a rule* are 
geared to satisfying the nominal requirements of law and policy. In 
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^iKndix C 


NigBrian itgriculture 

Pxoducticn fzaa anallholders makes up about 90-95% of agricultural 
production in Nigeria. Nacbanized production is relativ^y insignificant, 
padiaps oorvering 1.3% of the total land area cultivated. Mecdianixed large- 
farm govemnent schemes have not met %dth much success, and yields have been 
dis 2 ^:pointing. Mai^ schemes have been a b andone d or scaled down. There are 
only a few privately operated large scale ocnmercial farms. Almost every 
state has a g o v emne nt trachor hiring unit (1HU) , but cost per cultivated 
hec:tare to both go ve mne nt and farmers, plus hi^ rate of break dovts %dth 
lacdc of spare parts, and pexa: quality of tractor oper ato rs and lack of 
trained managers, has caused tmderutilization of this eguipnent. 

large-scale irrigation schanes have been planned fay the goverimient 
which %dould eventucdly cover sane 66,000 hectares. 


Qpcxa 

3% of the arable land devoted to this 
cnrop; 210,000 MT of production; an ex- 
port value of $502,000,000 

Nigeria has slipped &om secxxid world producer of c»ooa to a position 
of fourth, though cxxx» still acxxxmts for 40% of all e^qsort earnings exc«^ 
petroleixn. Ninety-five perce n t of the cxsooa is produc»3 in the cxooa belt 
of the and is raised edmost esoclusively by traditional farmers on an 
average of one hectare. 

Pood crops are r^dsed on the cxxx>a farms during the first four years 
when the cxxx>a is not bearing any fruit. Harvest of oocxia takes plac:e be- 
tween October and FdDruary when the farmer is usually obliged to employ 
hired labor to gather the crops and tend beans during fennentaticn. Fermai- 
tation consists of heaping beans from newly harvested pods together and 
covering them with plantain leaves so that «^te pulp around the beans c^n 
turn into liquid and be drained away. CSare is racjuimd in turning the heap 
at least twice so eis to ensure even fermentation. 

Ihree hundred thousand farmers in Western Nigeria are directly engaged 
in cocoa production, and about a third of the region's population are 
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dependent on the various processes of cocoa production. leonge-acale 
spraying against blade pod and capsid started in 1S56, and todb^ all fazners 
are ciqpable of using ^a^ying eguipment: idiidi be purdiased in any cen- 
tral place within the cocoa belt. 


Rjbber 

Around 200,000 hectares in rubber; 

$28,000,000 in eagort value 

Rubber is primarily produced in the Benin lowlands in the West and 
around Calabar in the East. In Benin, traditional smallholders on ^10 ha. 
of land predominate, and produce over 75% of the eaqport rubber of the ooun- 
try. The quedit^ of rubber is often poor because of poor ancking and excess 
tapping by share-tappers. Recoitly the g o ven men t has given assistance in 
the building of snnokdiouses vbere better rubber sheets can be produced. 

Rubber production has declined by 25% since the early 1970's, and seme 
plants i£ive been forced to shut down. 


Palm Products 

340.000 MT production of palm kernels; 

660.000 Mr production of palm oil; 

$3,750,000 export value of both crops, 

mostly palm kernels 

Southeastern Nigeria is the main producing area of palm oil and palm 
kernel. The oil palm is indigenous to this for^ belt. A few farmers now 
cultivate palm trees, but by far tlte greater majearity cultivate the wixd 
trees from v4iich comes about 90% of the oil. Oil palms on oonpoundlands 
belcxig to the owner of the compound, and this exiles to palms on farmland 
under cultivaticai. wild plams are under ccnnunal ownership, often harvested 
for the oc i iitai purse of the village for ooraiunity development projects. 
Pioneer oil mills are faced with problems of inadequate and irregular si^ly 
of fruits. 

At least 85% of the palm oil ejqorted from Nigeria comes from the 
Eastern States. For good quality oil the fruit must be processed not more 


C-2 



than 48 hours after cutting, but in nost village it talon as rauch as five 
to seven days to extract the fruits fixm the bundi in readiness for steaming. 
’She fatty acid idddi forns dbzring this period, in %diidi oomiderable fermen-' 
tation takes place, is largely respcnsible for the poor quality. 

Pounding separates the pulp from the nuts, the former being squeezed 
by hand to fcoduce the oil. The hand press extracts more oil, but it is 
still necessary to steam and pound the fruits before feeding the pulp to 
the press. Ihe economics of tasing the press there f ore depend largely on 
lAether the two hours saved per gallon of oil extracted is viorth the tariff 
paid for using the press. Pioneer oil mills extract up to 85% of the oil 
but were met with firm opposition from the viomen %dic feared the loss of 
their treriitional share of the proceeds, ifeny of the mills have f^dled to 
pay their way and have since been danollshed. 

Palm fruits gathered in the eastern delta are, after cutting, softened 
under a leaf cover in the sun for a few days before being stripped off from 
the bunch. Ihey are then thrcMn into large canoe-like trou^is and trodden 
on by 2-4 men until the fniits are reduced to pulp, nuts and oil. The oil 
is scooped out at one end of the trou^ and stored in kerosene tins or 
cababashes. Vlater is then added to the remaining pulp \Mch is i^treaded 
90 that oil ooroes to the surface to be collected. The oil is then boiled 
to renove inpuritles. 

Palm oil has declined in production, edible oil unable to meet even 
domestic demand. Expcort is in palm kernels and palm kernel oil. Six caa- 
panics are engaged in kernel crushing and fifteen in palm oil processing. 


Pulses 

18% of the arable land devoted to pulses; 

800,000 MT production 

Pulses are an inportant protein source for the diet of Nigerians and 
iiiportant as a feedstuff for livestock. Cbw-peas are the most widely dis< 
tributed and produced legi«ne in the country, and almost always grcMn in 
mixed cultivation, is cooked ard eaten with nearly every other food 
prT!duct in Nigeria — from fish tc n. The stems and leaves, eis well as 
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huakSf are a valuable fodder for llvestodc. Umler present praci'ices yields 
are ext r emely low, less than 20<ncg,^hectare. Insects are the principal con- 
straint to hl^ier yields. Storage losses amount to another 2M of produc- 
tion. 


Groundnuts 

4% of the arable land devoted to this 
crop; 800,000 MT production; $4,000,000 
in eagport value 

Nigeria used to be the largest exporter of groundnuts in the vorld. 
Production drcpped drcistically in the 1970 *s to an average of 200,000 MT 
due to drought and declining yields. There has been a steady deterioration 
in price relationships between groundnuts and food crcps leading to seme 
snuggling for alternate inarkets though the area planted to groundnuts has 
remained the same. 

The groundnut belt lies almost v*olly within the Kano regicai v4iere the 
crop was formerly grown for subsistence. As with cocoa in the South, ground- 
nut 6)pansiQn in the Kano region has been carried out by the local farmers. 
Heu^sting consists of pulling out the plants by hand and hoeing the ridges 
to uncover nuts. Nuts are then picked and dried in the son after vhich 
they nay be shelled or sold unshelled. Nuts neant for eo^xsrt are usually 
shelled, the shelling and winnowing done by women vAio vse wxden mortar 
and pestle to beat out the shell. 


Cotton 

2% of the arable land devoted to this 
crop; 220,000 MT production of seed 
cotton; 73,000 MT production of cotton 
lint; $2,000,000 export value 

Cotton is a traditioned. export crop, but sometimes erratic production 
means that even loced demands are not net and mills (15 ginneries and 70 
textile mills) are run at less than full capaci^. Oottcxi is grown in the 
northern region by traditional farmers. 
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Sortgiun 

25% of arable land (tevotad to this crci>; 
a production of 3,750,000 MT 

Sar^un, or guinea oam^ is the most iitfxsrtant staple oereal crop 
grown in Nigeria. Its cultivation is porinarily in the North, most often 
in ndxed cultivation with ndllet, and pi^oduced by snallholders. Sorghian 
takes 4-6 nonths to nature; harvesting takes place between Novaiber and 
January; and collected heads are allowed to dry. The grain is used pri- 
narily as dawa , a fermented food, and provides a valuable source of carbo- 
hydrate in this form. Sorghum is richer in protein than ar^ other cereal 
in west Africa and ten times richer than root crc^. 


Millet 

22% of arable land devoted to this cre^; 

2,600,000 MT of production 

Millet is the staple cereed vAiere the clinate is too dry for sorghum. 
It can grow and thrive in arid areas better than any other crop. The crop 
is grown by annallholders, usucdly in mixed cultivation with sorchum or with 
oow-peas and groundnuts. The grain is used in the same vay as sorghim. 


Nbize 

8% of arable land devoted to this crop; 
a production of 1,400,000 MT 

Maize is the third most iirportant cereal crop in Nigeria and is grown 
largely in the rainforest and savanna zones fay snallholders. It is widely 
used as food for nan and livestock. Fresh unripe maize is eaten, or it is 
roasted or boiled. Ripe, dried grains are cooked in combination with pjilses 
and oil and eaten as ad^^. Dried grains are also milled and made into a 
porridge, most often oembined wi^* other foods. Oozn mills are to be found 
near most large market areas. Oozn is also vddely used as feed for all 
livestock. 
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1% of the arable land devoted to this 
crop; 600 » 000 MT of pirodiictiai 


Swan{> rice along the Niger «u)d Kaduna fedama oonstitaite one of the 
major rice producing areas in Nigeria vihere izrigatiai canals carry water 
to the rice fields. Mechanization has been intzoduoed but payment prices 
are hi^ enou^ so that many fanners do not make use of the sezvioe. In 
Sokoto, in the Northem Region, 10,000 hectares of rice are at times mechani- 
cally plcMbd. Ihe Western Nigeria Developonait Board offers mechanized culti- 
vation services for about 40% of the crop. 

Improved varieties are alzea<ty extensively cultivated. It has been 
estimated that better water control could increase yields from 1.3 MT/ 
hectare to 3-4 MT/hectare. 


cassava 

St of arable land devoted to this crop; 

10,600,000 MT of production 

Cassava and yam maJce up most of the root crop production of Nigeria. 
Cassava is grown all over the country (yam being restricted by water re- 
quirements) , and both crcps are grown by smallholders and generally in mixed 
cultivation. 

Apart from weeding, cassava requires very little attention; it is 
highly productive even in poor soils, and can ronain in the ground for long 
lengths of time before harvesting is required. Harvesting is done by digging 
the tubers by harkd after the plant has been topped. Mechanical harvesting 
reduces yields considerably due to the percentage of roots left in the ground. 

Gari and fufu are the popular ways of eating cassava. In the tradi- 
tional method, gari is made grating the tuber in a flat-shaped tin grater, 
collecting the pulp in a knit bag and wei^dng it down with stones for 2-3 
days while moisture is lost and seme fermentation cocurs. then it is passed 
through a sieve to renove Ixirps and heated over a sic;; fire until dry. Fufu 



is prepared by peeling and slicing the root, drying slices in the sun, then 
milling it into fufu powder. Some mechanized o an ner c ial prod u c t io n of gari 
is now available thiou^ gari factories in three states to supply the in- 
creamed urban demand for this food. 
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APPENDIX D 


SOLAR INSOLATI(»( IN NIGERIA 


Present solar Insolation data is limited to two sources in Nigeria, 
the Tropical Agricultxural Research Institute in Ibadan and the University 
of Nigeria at NsuJrJca. The major factors affecting insolation are the 
rainy season (May-September) in which there is intermittent sunshine, and 
the Harmattem season (dusty winds of the Sahara desert which blow frcsn 
November through March) . These winds virtually preclude the use of con- 
centrating systems due to the high dust content in the air, particularly 
in the north. 

The insolation data was taken from Ibadan (southwest Nigeria 100 miles 
north of Lagos) and represents the most con^lete data found during this 
study. No data was found for the more Sahelian-like part of the country. 

The data from the Nsukka site was written up in the first volume of the 
Nigerian Joiimal of Solar Energy. The summary of the insolation data analysis 
is shown below. 

Conclusions 

A preliminary analysis of the insolation data obtained at Nsukka using 
a pyranometer has been carried out. Some of the main conclusions are: 

(a) Most of the days are cloudy giving rise to a relatively small 
average fractional insolation of about 0.47. Also a large 
part of the observed insolation is due to diffuse scattering 
so the use of solar concentrators may not be feasible. 

(b) The average dally insolation is 311 ± 24 langelys per day and is 
not subject to wide fluctuations. About 90% of this val'ie is 
obtained in the period between 08 hours and 18 hours loca.' . 
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TABLE 1. SUMMARY OF CLIMATIC DATA FOR 1979 1 - IITA CENTRAL STATION 


»!orrrns 

TOTAL 

ILMN- 

FALL 

(MM) 

TOTAL 
EVAPO- 
RATION 
( HM ) 

SOLAR 

RADIA- 

TION 

langleya/day 

TEMPERATURE 
MTN MAX 

REL-HUM 

X 

MIN MAX 

KEAN 

TEMP 

®C 

MEAN 

REL-HUH 

X 

JAN. 

0 

120. 8A 

375.A3 

22.8 

32.5 

A2 

98 

27,8 

70 

FEB. 

■j.o 

170.26 

A70.72 

23.9 

3A.9 

32 

97 

29. A 

65 

HAR. 

76.5 

181,10* 

ABO. 19 

23.A 

33.7 

A2 

96 

28.5 

69 

APR. 

178.1 

1A6.97* 

A93.0A 

23.7 

32.3 

53 

97 

28.0 

75 

K\Y 

205.A 

139.70* 

A65.83 

22.8 

30. A 

61 

97 

26.6 

79 

■TUN. 

133.8 

98.30 

392. A7 

23,0 

29.1 

66 

97 

26.1 

82 

JUL. 

2V0.6 

100,20* 

398.39 

22.6 

28.5 

67 

97 

25.5 

82 

AUC. 

IHA.8 

"A. 9b* 

371. «.l 

22.7 

28.0 

68 

97 

25.A 

83 

SEPT. 

259. A 

111.10* 

A11.8A 

22.0 

28.6 

65 

97 

25.A 

81 

oa. 

156, A 

112.13* 

A2A. 12 

22.6 

29.8 

61 

96 

26.3 

79 

NOV. 

18.1 

101.71 

A1A.12 

23.2 

30. A 

57 

96 

26.8 

77 

PFC. 

0 

109.60* 

A05.A9 

20.3 

31.1 

A1 

97 

25.7 

69 


■k Vnljcs adjusted for days with missing data. 
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TABLE 2. SUMMARY OF CLIMATIC DATA: 1978 

Weather Bulletin (IITA) Jan-Dec. 1978 
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TABUS 3. SUMHARY OF CLIMATIC DATA: 1977 

Weather Bulletin (IITA) Jan. -Dec. 1977 
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TAble 5. SUMMARY OF CIIKAT7C DATA FOR 1975* RUH-OFF STATION 


IfONTHS 

TOTAL 

TOTAL 

SOLAR 

TIWPEPuVruRE 





RAINFALL 

EVAPO- 

RATIATICH 

OC 


HIMIDITY 

TEMPE- 

RELATIVE 


on 

ration langleys/dayMIN 

MAX 

X 


RATURE 

UUrllDlTY 



WCi 




MIN 

MAX 

«C 

X 

JAN. 

NIL 

142.12 

372.41 

16.9 

34.0 

21 

91 

25.5 

56 

FEB. 

7A.4 

136.12 

435.77 

21.6 

34.7 

35 

92 

28.2 

64 

MAR. 

89.5 

165. 83 

460.42 

23.3 

34.7 

46 

95 

29.0 

71 

APR. 

m.i 

145.30* 

499.71 

22.3 

33.1 

56 

98 

27.7 

77 

r./iY 

203.7 

133.92* 

441.94 

22.2 

31.9 

62 

97 

27.1 

80 

JUNE 

190.6 

121.87* 

446.41 

22.5 

31.1 

62 

97 

26.8 

80 

JULY 

147.1 

96.52* 

349.06 

22.1 

29.3 

68 

97 

25.7 

83 

AUG. 

94.0 

76.87* 

287.22 

22.0 

27.9 

73 

97 

24.9 

85 

SEPT. 

112.9 

79.33* 

2C4.32 

21.1 

20.4 

69 

98 

24.8 

84 

OC?. 

2C5.1 

117.59 

377.26 

20.9 

30.2 

58 

97 

25.6 

77 

WOV. 

5£.3 

110.92* 

371.11 

22.3 

31.3 

52 

99 

27.0 

75 


IS.C 

100.66* 

368.11 

19.3 

31.9 

40 

95 

25.6 

68 


Vclucs adjusted for doys lUth nlsslng data. 
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OF POOR QUALITY 


T^J^LF. 6.. SlMf/JtV OF CLQ4ATIC DATA FOR 1974: IITA (BLOCK A) 


•• 

TOTAL 

TOTAL 

SOLAR 

TEMPERATURE 

RELATIVE 


MEAN 

IJOOTHS 

RjMNFALL 

E\'AP0 

RADIATIO^i 

•c 


HUMIDITY Z TEMPE- 

RELATIVE 

on 

RATION 

langleys/day 



Z 






m 

i 09 

(flu 

MAX 

MIN 


•c 

X 


1.9 

115.33 

330.26 

20.1 

32.5 

32 

91 

26.3 

62 

FEB. 

NIL 

136.17 

397.41 

22.9 

35.1 

29 

91 

29.0 

60 

MAR. 

85.1 

174.22 

501.51 

23.9 

35.5 

37 

91 

29.7 

64 

APR. 

172.3 

134.70 

468.56 

22.5 

32.6 

54 

93 

27.6 

74 

MAY. 

129.0 

121.83 

422.65 

22.7 

31.9 

57 

93 

27.3 

75 

JUNE 

172.0 

115.20 

427.26 

22.1 

30.9 

61 

94 

26.5 

78 

JULY 

232.1 

97.35 

381.37 

22.0 

28.9 

64 

93 

25.5 

79 

AUG. 

47.C 

90.21 

354.66 

22.3 

29.6 

63 

94 

25.9 

78 

SEP. 

134.2 

86.40 

374.61 

22.1 

29.2 

65 

94 

25.6 

80 

OCT. 

170.9 

99.10 

401.75 

21.9 

30.4 

61 

92 

26.1 

77 

NOV. 

34.8 

105.00 

455.47 

21.8 

32.9 

46 

93 

27.4 

69 

DEC. 

NIL 

119.82 

394.03 

19.2 

32.8 

37 

96 

26.0 

67 
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